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PREFACE. 


In the preface to the first part of this work, published a 
little more than a year ago, the author announced his inten- 
tion of writing an extended treatise upon human physiol- 
ogy ; and the present volume, devoted to subjects connected 
with the great functions of digestion and absorption, is now 
presented, as the second of the series. As stated in the 
preface to the first volume, the separate parts of the work 
are intended to form distinct treatises, devoted respectively 
to natural subdivisions of the science of physiology ; each 
one being complete in itself, but the entire series embracing 
all the subjects usually regarded as belonging to human 
physiology. The manner in which the first part has been 
received, and the experience of the author in the prepara- 
tion of the present volume, have encouraged him in carrying 
out the original plan of the work. To give to every sub- 
division of physiology that careful reflection and critical 
study, which alone could enable one to form a calm and 
dispassionate judgment upon the difficult questions which 
are constantly arising, involves an amount of time and 
patient labor which might well discourage the most en- 
thusiastie student. A work of such magnitude, however 
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can be accomplished much more efficiently, by dividing it 
into eeparate and distinct parts. By publishing each part 
separately, the whole subject of human physiology, great as 
it is, may be considered with a degree of elaborateness 
which is generally looked for only in special treatises, 
This does not necessarily involve great voluminousness ; 
on the contrary, it frequently happens that subjects, the 
literature of which is excessively abundant, may be con- 
sidered, from a practical and positive point of view, in a 
comparatively small space, ignoring nothing that is valu- 
able, and taking pains only to compare and harmonize con- 
flicting experiments and observations. A practical acquaint- 
ance with experimental methods of observation frequently 
enables the physiologist to accomplish this end, and thus re- 
lieve certain complicated questions of much of their obscurity. 

The subjects taken up in the present volume form a 
subdivision of physiology of the greatest importance and 
interest, to the general as well as to the professional 
reader. The first of these, alimentation, does not always 
receive sufficiently extended consideration in works upon 
physiology; though it is evident that the properties and 
physiological relations of matters which are destined to be- 
come part of the living body can hardly be studied too 
closely. The effects of improper and insufficient alimenta- 
tion, also, which are too often observed in the poorer classes, 
particularly in large cities, are of the highest importance. 
The author, through the kindness of Dr. W. H. Van Bu- 
ren, of the United States Sanitary Commission, has been 
enabled to present some important physiological facts con- 
nected with the celebrated Andersonville prison, noted on 
the spot by Prof. Joseph Jones, M. D., formerly of Georgia, 
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PHYSIOLOGY OF MAN. 


CHAPTER I. 
HUNGER, THIRST, AND INANITION. 


General consideratione—Appetite—Circumstances which modify the appetite— 
Influence of climate and temperature—Influence of exercise and occupation 
Influence of habit—Inffuence of alcohol, tobacco, ete.—Influence of extir- 
pation of the spleen or of one kidney—Hunger—Lovation of the sense of 
bunger—Thirst—Location of the sense of thirst—Inanition—Loes of weight 
{n inanition—Effects of inanition on circulation, respiration, animal tempers 
ture, and the nervous system—Duration of life in inanition—Insufficiont ali- 
mentation. 


Tue power of self-regeneration is one of the great dis- 
tinetive properties belonging to all organized living bodies. 
In the organism of animals, every part is continually under- 
going what may be called physiological decay; the organic 
nitrogenized principles are being constantly transformed into 
effete matter; and ss these principles never exist without 
inorganic principles, with which they are closely and insep- 
arably united, it is found that the products of their decay 
are always discharged from the body in combination with in- 
organic matters. This process of molecular change is a ne- 
cessary and inevitable condition of life. Its activity may be 
increased or retarded by various means, but it cannot be 
arrested. The excrementitious principles which are thus 
formed are produced constantly by the tissues, and must be 
continually removed from the organiam, otherwise they 
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one of these, particularly, the animal drank repeatedly until 
he had taken several quarts of water, only veasing from 
fatigue, and soon recommencing ; but as soon as the fistula 
was closed, he drank a moderate quantity and was satis- 
fied. 

In a caso reported by Dr. Gairdner, of Edinburgh, in the 
human subject, all the liquids swallowed passed out at a 
wound in the neck by which the esophagus was cut across, 
The thirst in this case was insatiable, though buckets-full of 
water were taken in the day ; but on injecting water, mixed 
with a little spirit, into the stomach, the sensation was soon 
relieved.’ This observation was made in 1820, long before 
the experiments just referred to upon the inferior animals. 

Though the sensation of thirst is referred to special parts, 
it is an expression of the want of fluids in the system, and is 
only to be effectually relieved by the absorption of fluids by 
the blood. There are no nerves belonging to the cerebro- 
spinal system which have the office of carrying this sensation 
to the brain, division of which will abolish the desire for 
liquids. Experiments show that no effectual relief of the 
sensation is afforded by simply moistening the parts to which 
the heat and dryness are referred. As a demand on the part 
of the system, it is entirely analogous to the sense of want of 
air and of hunger, only differing in the way in which it is 
manifested. 


Inanition and Insufficient Alimentation. 


The history of inanition belongs more to pathology than 
to physiology. To make use of the striking and oft-re- 
peated quotation from the admirable monograph of Chos- 
cat, it is “a cause of death which advances in the front and 
in silence in every disease in which alimentation is not in a 


+ Gammpxan, Caseof a Wound of the Throat in which the Trachea and xoph- 
agus were divided across, and which did not terminate fatally, although the parts 
have not reunited.—Edinburgh Medical and Surgical .Kowrnat, 1820, vol. xvi 
p- 855. 
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in the last class, death occurred in 13,%, days, after pro- 
portionate loss of 4's." 

This corresponds with all recorded observations concern- 
ing the influence of age on the power of resistance to inani- 
tion, in the human subject, as well as in the inferior animals, 
During the earlier periods of life, especially before the sys- 
tem has attained its perfect development, aliment is de- 
manded, not only to repair waste, but for growth; and at 
this time, when the demand for food is greatest, the organism 
is least able to bear total deprivation, insufficient quantity, 
or inferior quality of food. 

All parts of the organism are by no means equally 
affected by inanition. As an invariable rule, the fat dis- 
appears almost completely. The blood is diminished about 
three-quarters, and the digestive organs more than one-half. 
The muscular system is diminished nearly one-half. The 
weight of the nervous system is least affected. + 

The following table gives the proportionate loss of the 
different parts of the body :* 


Loss per 100 of different parts of the Body in Inanition. 
Parts that lvoe thes the met, 
0397 
0342 
0883 
0-319 
0-222 
0-167 
0100 
old 





After death the stomach is found small and contracted, 
the intestinal canal is reduced in caliber, and its length is 
diminished nearly one-third (4%). The digestive fluids, 
which are only secreted when food is contained in the ali- 


Cuosear, op. cit, p- 28. * Tid, p. 92, 
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After a certain period of inanition, febrile movement and 
general agitation occur; and there is almost always disturb- 
ance of the mental faculties, amounting sometimes to furious 
delirium. Frequently, however, the delirium is of a mild 
character, with hallucinations, There are cases in which 
there is no marked mental disturbance, but these are gen- 
erally in persons who voluntarily suffer starvation. In a dog 
experimented upon by Collard de Martigny, which died on the 
thirty-fifth day, from thé eleventh to the nineteenth day the 
animal was in a furious condition, gnawing almost constantly 
at the bars of the cage. This was followed by a condition of 
great debility, which continued, with short periods of agita- 
tion, until death. During inanition, both in man and in the 
inferior animals, there is very little sleep. 

The length of time that life continues after complete 
deprivation of food and drink is very variable. The influ- 
ences of age and obesity have already been referred to. 
Without citing the numerous individual instances of starva- 
tion in the human subject which have been reported, it may 
be stated in general terms, that death occurs after from five 
to eight days of total deprivation of food. In 1816, one 
hundred and fifty persons, wrecked on the frigate Medusa, 
were exposed on a ra{t in the open, sea for thirteen days, 
At the end of this time only fifteen were found alive. One 
of the survivors, M. Savigny, gave, in an inaugural thesis, 
a very instructive and accurate account of this occurrence, 
which has been very generally quoted in works of physiol- 
ogy. Authentic instances are on record where life has been 
prolonged much beyond the period above mentioned; but 
they generally occurred-in persons who were so situated as 
not to suffer from cold, which the system under this condi- 
tion has very little power to resist. In these cases, also, 
there was.no muscular exertion, and water was generally 


care. For a full discussion of these interesting questions, the reader is referred 
to the work of Chossat, p. 155 ef seg. 
85 
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taken in abundance.’ All of these circumstances have an 
important influence in prolonging life. 

Bérard quotes the example of a convict who died of star- 
vation after sixty-three days, but in this case water was 
taken. The instance of eight miners who survived after five 
days and sixteen hours of almost complete deprivation of food 
has already been referred to. Bérard also quotes from various 
authorities instances of deprivation of food for periods vary- 
ing from four months to sixteen yéars, All of the subjects 
were females, and the histories of such cases, reports of which 
are by no means uncommon, belong properly to psychology ; 
as they are undoubtedly examples of that morbid desire to 
excite sympathy and interest which is sometimes observed, 
and which leads to the most adroit and persevering efforts at 
deception. 

The observations of Chossat on the duration of life in 
inanition show great variations in the different classes of 
animals. In experiments on birds, chiefly turtle-doves and 
pigeons, death occurred, on an average, after 9f; days of 
complete deprivation of food and drink, In Guinea-pigs 
and rabbits, the same observer noticed an average duration 
of 974% days.’ It has generally been noticed that life is more 
prolonged in carnivorous than in herbivorous animals, In 





+ Im the Social Science Review and Journal of Sciences, London, edited by 
Dr. B. M. Richardson, we find the following note: “We ourselves knew an in- 
stance in which a man with a disordered mind refused all food for thirty days; 
after a short return to food, again refused for thirty-six days. But in this in. 
stance, on the second occasion, the sufferer died, although he had recommenced 
to swallow light nourishment, Ed.” (1864, vol. i., New Series, p. 180.) 

* From time immemorial the eredulous have periodically been startled with 
reports of wonderful cases in which persons (generally females) have lived for an 
incredible time without food. A curious specimen of these histories is an sc- 
count of the case of a girl, ten years of age, who lived without food and drink, 
and in whom development, &., seemed to be normal. This was testified to by 
Jearned physician, in 1842. (De puella, que sine cibo ef pols vitam transigit, 
brevis narratio, teste et anctore Grnanno Bucountaso Paysico Reoio, Parisiis, 
Ex officina Rob. Stephani typographi Regii, M.D.XLIL, 

* Op. cit, p. 31. 
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nutrition, Under these circumstances, the amount of food 
which is taken diminishes, more or less, the proportionate 
daily loss of weight, and thus retards the fatal result. 

The effects of insufficient alimentation in man have often 
been observed in times of famine; the sad details of which 
have been given in graphic accounts by various European 
writers. The history of our own country during the late civil 
war affords an example, the most appalling on record in any 
country and in any age, of the sufferings of thirty thousand 
men exposed within an area of twenty-seven acres to the ef- 
fects of insufficient diet, conjoined with exposure, without 
protection, to the vicissitudes of the weather, and the frightful 
filth and other inevitable results of such excessive crowding. 

In a report by Prof. Ellerslie Wallace, of Philadelphia, 
to Prof. Valentine Mott, the chairman of a committee ap- 
pointed by the United States Sanitary Commission to in- 
quire into the condition of United States officers and soldiers, 
prisoners of war, the following is given as the average diet 
in Southern prisons : 

“The meat was irregularly given; not often daily, and 
to some only at intervals of days, or even several weeks, and 
when meat was served, the bread was, in many instances, 
diminished. 

“ About half a pint of soup, containing sweet potatoes, or 
generally beans or peas, in amount about two ounces, was 
sometimes given, with or without meat in different cases. 
‘The beans and peas were occasionally given raw and dry. 


“The maximum amount of solid food for one day, de- 
scribed, was. . ae +» + 1002. bread. 
6 oz. beef. 
“ With half a pint of soup made of the wa- 
ter in which the beef was boiled, and contain- 
ing about two ounces of beans or peas, und 
therefore representing . - + «+ 2 oz, 


“Total, . . 1802 
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“The minimum amount was about . . 4 oz. bread. 
1 oz. beef. 
“Total, . . Boz”! 


Assuming the amount of solid food required to keep tho 
system of an adult male in proper condition to be from thirty 
to forty ounces, it is seen that even the maximum amount 
above given is so far insufficient for the purposes of nutri- 
tion, that death from inanition must result, sooner or later, 
in the majority of instances. This is assuming that the food 
be of proper quality; while the testimony taken by the 
commission showed that the quality was always inferior, 
generally disgusting, and that no variety of diet was af- 
forded. 

The effects of insufficient food upon the power of resist- 
ing cold was one of the most marked phenomena. Even in 
the mild climate of the South, frost-bite and gangrene of the 
extremities were very frequent. These occasional results, 
taken in connection with the extreme emaciation, the pecu- 
liar mental condition, ete., which go to make up the general 
aspect of inanition, presented a picture more distressing than 
can well be imagined. The description by De Meersman of 
the famine in Belgium in 1846 and ’47, though it may seem 


+ Narration of Privationa and Sufferings of United Stalea Officers and Sol- 
dere while Prisoners of War in the hands of the Rebel Authoritier, Being the 
Report of a Commission of Inquiry, appointed by the United Slates Sanitary 
Commission. With an Appendix containing the Testimony. Philadelphia, 1864, 
pel. 

‘The commission consisted of Valentine Mott, M. D., LL. D., Edward Delafield, 
M.D, Gouverneur Morris Wilkins, Esq., Ellerslie Wallace, M. D., Hon, J. 1. Clark 
Hare, ond Rev, Treadwell Walden. The statement quoted from the report of 
Dr. Wallace was corroborated by the eworn testimony of numerous officers and 
men who had been prisoners of war, and the facts were admitted by many of the 
public authorities directly or indirectly in charge of the prisoners, eo that there 
‘ean be no doubt of their general accuracy. (Seo reports and testimony of sur- 
geons and others in charge of prisoners, in the trial of Henry Wirtz.) 
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highly colored, must, judging from the experience in this 
country, even fall short of the reality." 

“What was striking in the first place,” says De Meers- 
man, “during the faunine mentioned above, was the extreme 
emaciation of the body, the livid pallor of the countenance, 
the hollow cheeks, and, above all, the expression of the eye, 
of which one could not lose the remembrance when it was 
once seen. There was, indeed, a strange fascination’ in that 
eye, in which all the vitality of the individual seemed to be 
contained, which glitters with a feverish light; the pupil, 
enormously dilated, is fixed upon you without winking, and 
with an interrogative astonishment, in which kindliness is 
mingled with fear. The movements of the body are slow; 
the gait is uncertain; the hand trembles ; the voice, almost 
extinct, is tremulous. The intelligence is profoundly affect- 
ed; answers are painful; memory, in the majority, is almost 
lost. Interrogated concerning the sufferings they endure, 
these unfortunates answer that they do not suffer pain, but 
that they are hungry ! 

“The breath is extremely fetid; the tongue thin, pointed, 
elongated, tremulous, almost always red; the point, often 
aphthous, is covered with a yellowish and opaque coating; 
the epigastrium is retracted, and the skin in that region is, 50 
to speuk, drawn to the vertebral column ; it sometimes hap- 
pens that: the epigastrium is distended by meteorism ; the 
touch then discovers organic engorgements in one part and 
another of the abdomen. Respiration is slow, not deep, and 
often interrupted by sighs. The pulse, sometimes very fre- 
quent, sometimes remarkably slow, is easily compressed, of . 
astonishing smallness, and disappears under the finger. The 
seerétions are all affected by the alterations in the blood, 
which is their common source; but above all, the perspira- 
tion, which is greatly modified. The skin was dry, yellow, 

* Dr, Wallace (lor. cit.) alludes to the description of De Meersman as giving 


a“ singulsrly-accurate description” of the condition of exchanged United States 
woldiers, 
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resembling parchment; the exhalation, which in the ordi- 
nary condition takes place insensibly from the entire surface, 
is effected in this case in a dry way. The pores of the skin 
gave out a viscid powder, which, accumulating and becoming - 
conereted, covered the body with a blackish crust, pulveru- 
lent and horribly fetid.”* 

To these phenomena may be added occasional perfora- 
tion of the cornea, scorbutus in its various forms, gangrena 
oris, particularly in children, disturbances of the menstrual 
function, and abortion. The number of births has always 
been observed to be very small in communities suffering 
from insufficiency of food. 

Through the kindness of Prof. W. H. Van Buren, of the 
United States Sanitary Commission, we have been enabled 
to make use of a MS. report to the Richmond authorities 
(now the property of the Commission) on the condition of 
United States soldiers, prisoners of war at Andersonville, by 
Prof. Joseph Jones, of Augusta, Georgia.” Dr. Jones is well 
known to the profession as the author of ‘several physio- 
logical papers of interest published in the “ American Jour- 
nal of Medical Sciences,” and by the Smithsonian Institute. 
From a perusal of this report, and from the scientific position 
and ability of its author, we are convinced that it is an ac- 
curate and careful statement of facts observed by one who 
had every opportunity and facility for full investigation. 
Though the investigations were made chiefly with reference 
to the diseases which prevailed among these unfortunate 
men, as regards many physiological points, it is the most 


' De Mamnsuan, in Loxaxt, Trailé de physiologic, Paris, 1868, tome i., 
p. 28, 

* Investigations upon the Diseases of the Federal Prisoners confined in Canp 
Sumpter, Andersonville, Ga. instituted with a view to illustrate chiefly the Origin 
and Causes of Hospital Gangrene, the Relations of Continued and Malarial Fe 
ters, and the Pathology of Camp Diarrhea and Dysentery. By Joszen Jones, 
M.D., Professor of Medical Chemistry in the Medical College of Georgia, at Au- 
gusta, and formerly Surgeon in the Provisional Army of the Confederate States 
In three volumes, Manuscript. Augusta, Ga, 1865-66. 


38 ALIMENTATION, 


complete scientific history of inanition ever written, deduced 
from data which are, and probably always will be, unpar- 
alleled in magnitude. The pathological questions will be 
fully considered in one of the volumes on the Medical and 
Surgical History of the Rebellion, now in course of prep- 
aration under the direction of the Commission ; and in this 
connection, will be considered, generally in the author’s own 
words, the points which bear mainly on the effects of insuf- 
ficient alimentation, though the other circumstances under 
which the prisoners were placed must necessarily be taken 
into account. 

The following extract from an official report by Dr. 
Jones, dated October 19, 1864, gives an idea of the sanitary 
condition under which the prisoners were placed : 

“Tmmediately after the brief report upon hospital gan- 
grene had been forwarded to the surgeon-general, I re- 
paired to Camp Sumpter, Andersonville, Georgia, and insti- 
tuted a series of investigations upon the diseases of the 
Federal prisoners. 

“The field was of great extent and of extraordinary in- 
terest. There were more than five thousand (5,000) seriously 
sick in the hospital and stockade, and the deaths ranged 
from ninety to one hundred and thirty each day. Since the 
establishment of this prison, on the 24th of February, 1864, 
to the present time, over ten thousand Federal prisoners have 
died: that is, near one-third of the entire number have per- 
ished in less than seven months, I instituted careful investi- 
gations into the condition of the sick and well, and per- 
formed numerous post-mortem examinations, and executed 
drawings of the diseased strictures. The medical topography 
of Andersonville and the surrounding country was exam- 
ined, and the waters of the streams, springs, and wells 
around and within the stockade and hospital carefully 
analyzed, 

“Diarrhoea, dysentery, scurvy, and hospital gangrene 
. were the diseases which have been the main causes of the 
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extraordinary mortality. The origin aud causes of the hoe 
pital gangrene which prevailed to so remarkable a degree, 
and with such fatal effects amongst the Federal prisoners, 
engaged my most serious and earnest consideration. More 
than thirty thousand men crowded upon twenty-seven acres 
of land, with little or no shelter from the intense heat of a 
Southern summer, or from the rain and dew, with coarse 
corn-bread from which the husk had not been removed, with 
scant supplies of fresh meat and vegetables, with little or no 
attention to hygiene, with festering masses of filth at the 
very doors of their rude dens and huts, with the greater por- 
tion of the banks of the stream flowing through the stock- 
ade a filthy quagmire of human excrements alive with work- 
ing maggots:—generating by their own filthy exhalations 
and excretions an atmosphere that so deteriorated and con- 
taminated their solids and fiuids, that the slightest scratch 
of the surface, even the bites of small insects, were fre- 
quently followed by such rapid and extensive gangrene, as 
to destroy extremities and even life itself. A large number 
of operations have been performed in the hospital on account 
of gangrene following slight injuries and mere abrasions of 
the surface. In almost every case of amputation for gan- 
grene, the disease returned, and a large proportion of the 
cases have terminated fatally. I recorded careful observa- 
tions upon the origin and progress of these cases of gan- 
grene, and examined the bodies after death, and noted 
the pathological changes of the organs and tissues. All 
these observations, together with the drawings, will be 
forwarded to the surgeon-general, at the earliest possible 
moment.” * 

In vol. i., p. 218, Dr. Jones gives the ration of the pris- 
oners. This was probably the regular ration, which was 
undoubtedly lessened at times, for the evidence taken by 
the committee appointed to investigate the condition of 


1 Report, vol. i, Preface, pp. 12, 18. 
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exchanged prisoners shows that the average was much 
Jess." 

“ 5th, Diet—The ration consists of $1b. bacon, 1}1b. meal. 
The meal is unbolted, and when baked, the bread is coarse 
and irritating, producing diseases of the organs of the diges- 
tive system (diarrhea and dysentery). The absence of ve- 
getable diet has produced scurvy to an alarming extent, 
especially among the old prisoners.” 

The following extracts show the effects of this insufficient 
dict upon the constitution of the blood, upon the appetite, 
and, what is most mournfully interesting, upon the intellec- 
tual faculties : 

“5th, From the sameness of the food and from the 
action of the poisonous gases in the densely-crowded and 
filthy stockade and hospital, the blood was altered in its 
constitution, even before the manifestation of actual disease. 

“In both the well and the sick, the red corpuscles were 
diminished; and in all disenses uncomplicated with inflam- 
mation, the fibrinous element was deficient. In cases of ulcer- 
ation of the mucous membrane of the intestinal canal, the 
fibrinous element of the blood appeared to be increased, whilst 
in simple diarrhoea, uncomplicated with ulceration, and de- 
pendent upon the character of the food, and the existence 
of scurvy, it was either diminished or remained stationary. 
Heart-clots were very common, if not universally present, in 
the cases of ulceration of the intestinal mucous membrane, 
whilst in the uncomplicated cases of diarrhosa and scurvy, 
the blood was fluid and did not coagulate readily; and the 
heart-clots and fibrinous coneretions were almost universally 
absent. 

“From the watery condition of the blood, there resulted 
various serous effusions, into the pericardium, into the ventri- 
cles of the brain, and into the abdominal cavity. 

“In almost all the cases which I examined after death, 


See page 34, 
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even in the most emaciated, there was more or less, serous 
effusion into the abdominal cavity.” * * *—(Vol. iii, p. 
150.) 

“6th. The impoverished condition of the blood, which 
Jed to effusions within the ventricles of the brain, and 
around the brain and spinal cord, and into the pericardial 
and abdominal cavities, was gradually induced by the 
action of several causes, but chiefly by the character of the 
food. 

“The Federal prisoners, as a general rule, had been 
reared upon wheat bread and Irish potatoes; and the Indian 
corn, so extensively used at the South, was almost unknown 
to them as an article of diet, previous to their capture. Owing 
to the impossibility of obtaining the necessary sieves in the 
Confederacy, for the separation of the husk from the corn 
meal, the rations of the Confederate soldiers as well as of the 
Federal prisoners consisted of unbolted corn-flour, and meal, 
and grist; this circumstance rendered the corn bread still 
more disagreeable and distasteful to the Federal prisoners. 
Whilst Indian meal, even when prepared with the husk, is 
one of the most wholesome and nutritious forms of food, as 
has been clearly shown by the health and rapid increase of 
the Southern population, and especially of the negroes, pre- 
vious to the present war, und by the strength, endurance, 
and activity of the Confederate soldiers, who were through- 
out the war confined, to a great extent, to unbolted com- 
meal ; it is nevertheless true, that those who have not been 
reared upon corn meal, or who have not accustome? them- 
selves to its use gradually, become excessively tired of this 
kind of diet when suddenly confined to it without a due 
proportion of wheat bread. Large numbers of the Federal. 
prisoners appeared to be utterly disgusted with Indian corn, 
and immense piles of corn bread could be seen in the stock- 
ade and hospital enclosures. Those who were co disgusted 
with this form of food that they had no appetite to partake 
of it, except in quantities insufficient to supply the waste of 


42 ALIMENTATION, 


the tissues, were of course in the condition of men slowly 
starving, notwithstanding that the only farinaceous form of 
food which the Confederate States produced in sufficient 
abundance for the maintenance of armics, was not withheld 
from them. In such cases an urgent feeling of hunger was 
not a prominent symptom ; and even when it existed at first, 
it soon disappeared, and was succeeded by an actual loathing 
of food. In this state the muscular strength was rapidly 
diminished, the tissues wasted, and the thin, skeleton-like 
forms moved about with the appearance of utter exhaustion 
and dejection. The mental condition, connected with long 
confinement, with the most miserable surroundings and with 
no hope for the future, also depressed all the nervous and 
vital actions, and was especially active in destroying ‘the 
appetite. The effects of mental depression and of defective 
nutrition were manifested not only in the slow, feeble motions 
of the wasted, skeleton-like forms, but also in such lethargy, 
listlessness, and torpor of the mental faculties, as rendered 
these unfortunate men oblivious and indifferent to their 
afflicted condition, In many cases, even of the greatest 
apparent suffering and distress, instead of showing any 
anxiety to communicate the causes of their distress, or to 
relate their privations and their longings for their homes and 
their friends and relations, they lay in a listless, lethargic, 
uncomplaining state, taking no notice either of their own 
distressed condition or of the gigantic mass of human mis- 
ery by which they were surrounded. Nothing appalled 
and depressed me so much as this silent, uncomplaining 
misery. 

“Tt is a fact of great interest that, notwithstanding this 
defective nutrition in men subjected to crowding and filth, 
contagious fevers were rare, and typhus fever, which is sup- 
posed to be generated in just such a state of things as existed 
at Andersonville, was unknown. These facts, established by 
my investigations, stand in striking contrast with such a 
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statement as the following, by a recent English writer.’ (Vol. 
iii, pp. 151-155.) 


1 Dr, Jones states in another part of his report (vol. i, p. 14), that “but a 
‘eomparatively small number of the Federal prisoners were affected with malarial 
fever, and the deaths from this disease amounted to but a small fraction of the 
deaths from all causes ;”” and again it is stated (p. 41), that “the comparative 
immunity from malarious disease among the Fedrral prisoners is still further 
shown by the small number of cases of neuralgia entered upon the sick reports : 
amongst the large body of Federal prisoners, with a mean monthly strength of 
21,120, only 88 cases of neuralgia were reported during a period of six months.” 
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General considerutions~-Division of alimentary principles—Nitrogenized aliment 
ary principles—Musculine—Albumen—Caseine—Fibrin—Gelatine and Chon- 
drine—Vegetable albumen, fibrin, and caseine—Gluten—Non-nitrogenized 
alimentary principles — Sugar — Starch — Vegetable principles resembling 
starch—Fate and oils—Inorganic alimentary principles—Water—Chloride of 
sodium—Phosphate of lime—Iron, 


Unore the name of aliment, in its widest signification, it 
is proposed to include all articles composed of, or containing 
elements in a form which enables them to be used for the 
nourishment of the body, either by being themselves appro- 
priated by the organism, by influencing favorably the gen- 
eral process of nutrition, or by retarding disassimilation. 
Those principles which are themselves appropriated may be 
called direct aliments; and those which simply assist nutri- 
tion without contributing reparative material, together with 
those substances which retard disassimilation, may be termed 
accessory aliments. By this definition of aliment, nothing 
is excluded which contributes to nutrition. The air must 
be considered in this light, as well as water and all articles 
which are commonly called drinks. 

Tn the various articles used as food, nutritious elements are 
frequently combined with each other and with indigestible 
and non-nutritious principles. The elements of the food 
which are directly used in nutrition are the real alimentary 
principles, embracing, thus, only those principles which are 
capable of absorption and assimilation. The ordinary food 
of the warm-blooded animals contains alimentary principles, 
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matters are great nutritive nitrogenized principles of the 
blood, and are the substances into which all the principles 
of this class which exist in food are converted before they 
are applied to the nutrition of the tissues. 


Caseine.—At a certain period of life this constitutes es- 
sentially the sole nitrogenized article of food. It is found only 
in milk, and it exists largely in the great variety of cheeses 
which are manufactured from milk. In addition to caseine, 
milk contains butter, sugar, and a variety of inorganic prin- 
ciples; and is capable of supplying material for the nourish- 
ment of all parts of the organism, caseine supplying the nitro- 
genized principle. In the form of cheese, caseine constitutes 
an important article of food. 


Fibrin.—Fibrin is by no means so important an article 
of dict as those just considered, and it very seldom forms any 
considerable part of our food. The same may be said of 
some other principles of this class, such as globuline, which 
is the organic principle of the blood-corpuscles; vitelline, a 
prineiple peculiar to the yolk of the egg; osteine and car- 
tilagine. The two latter substances are generally taken after 
they have undergone peculiar modifications in cooking, when 
they are known by other names. 


Gelatine and Chondrine.—After prolonged boiling, the 
organic principles of the bones, integuments, areolar tissue, 
tendons, and other structures composed of the white fibrous 
tissue, are dissolved and transformed into a new substance, 
which is called gelatine. Cartilage, treated in the same 
way, is in great part converted into chondrine, These two 
substances are artificial products, and therefore were not 
considered in treating of the proximate principles of the 
organism,’ 

The principles thus formed are soluble in hot water, 


» Bee vol. i, Introduction, 
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dant in the cereals. What has been said concerning fibrin, 
as an alimentary principle, is applicable to this substance, 
Its proportion in vegetables is small, unless we consider as 
vegetable fibrin, gluten, one of the most abundant and im- 
portant of the nutritive principles contained in ordinary 
flour.' 

‘A principle may be extracted from beans, peas, and 
other vegetables of this class, which is thought by many to 
be identical, in all respects, with caseine, and has been 
called vegetable caseine. In Longet we find an account of 
an article of food called ¢ao.foo, made by the Chinese out of 
peas, which is apparently identical with cheese.” The peus 
are reduced to a pulp by boiling, the vegetable caseine is co- 
agulated by rennet, and afterward treated in the same way as 
the analogous substance manufactured from milk, Vegetable 
and animal caseine have, as far as we know, identical physio- 
logical relations. Vegetable caseine is sometimes called legu- 
mine. It is sparingly soluble in water, is insoluble in aleo- 
hol, is not coagulated by heat, and is precipitated by the 
mineral acids and some of the mercurial and caleareous salts. 
It is dissolved by the vegetable acids." 

Another substance, supposed by some to be identical 
with vegetable caseine, is amandine. This is found widely 
distributed in the vegetable kingdom, but it hardly presents 
points of distinction from legumine, sufficient to mark it as 
a distinct principle. 


Gluten—In many of the vegetable grains known as 
cereals, there exists, in variable proportions, a highly-nutri- 
tive nitrogenized substance called gluten. This is found in 
great abundance (from 10 to 35 per cent.) in wheat. Its 

‘Gluten is a compound substance, containing several distinct alimentary 
principles, and cannot be considered strictly as analogous to animal fibrin, 

* Op. cit, tome i., p. 42. 

3 Lirmaé et Roms, Dictionnaire de médecine, Paris, 1878, Article, Lagu. 
mine. 


“Prneina, Treatise on Food and Diet, New York, 1848. See table of prov 



































64 ALIMENTATION. 


place of that which has become effete, the mineral substances 
are deposited with them; and the organic principles, as they 
become effete, or are transformed into excrementitious sub- 
stances and discharged from the body, are always thrown 
off in connection with the mineral substances which enter 
into their composition. ‘This constant discharge of inorganic 
principles, forming as they do an essential part of the organ- 
ism, necessitates their introduction with the food, in order 
to maintain the normal constitution of the parts, As these 
principles are as necessary to the proper constitution of the 
body as any other, they must be considered as belonging to 
the class of alimentary substances. ‘This conclusion is inevi- 
table, if alimentation be regarded as the supply of material 
for the regeneration of the organism. 


Water—This should be placed at the head of the list 
of inorganic alimentary principles. It constitutes the great- 
est part of the fluids which are used as drink ;* but is seldom, 
if ever, taken in a pure state, all potable waters containing 
numerous inorganic salts in solution. A consideration of its 
functions as a solvent, and in giving the proper consist- 
ence to parts, belongs to the physiological chemistry of the 
organisin.’ It is always to be remembered, however, that 
water forms a part of all the organic nitrogenized principles, 
and is indispensable to the manifestation of their vital prop- 
erties. It exists, therefore, in all the animal and vegetable 
nitrogenized elements of food, and serves as the vehicle for 
the introduction of all the inorganic salts and the soluble 
non-nitrogenized alimentary principles, 





Chloride of Sodium.—Of all saline substances, chloride 
of sodium is the one most widely distributed in the animal 
and vegetable kingdom. It exists in all varieties of food. 

* Water, with the aubstances which it holds in solution and with which it is 


combined, will be taken up more fully under the head of drinks, 
2 See vol. i., p. 30 et seg. 
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The quantity, however, which is taken in combination with 
other principles is usually insufficient for the purposes of 
the economy, and common salt is generally added to certain 
articles of food as a condiment, when it improves their flavor, 
promotes the secretion of some of the digestive fluids, and 
meets a positive nutritive demand on the part of the system, 
‘Numerous experiments and observations have shown that a 
deficiency of chloride of sodium in the food has an unfavor- 
able influence on nutrition.” . 


Phosphate of Lime.—This is almost a8 common a con- 
stituent of vegetable and animal food as the chloride of sodi- 
um. It is seldom taken except in combination, particularly 
with the nitrogenized alimentary principles. Its importance 
as an alimentary principle has been experimentally demon- 
strated, it having been shown that in animals deprived as 
completely as possible of this substance, the nutrition of the 
body, particularly in parts which contain it in considerable 
quantity, as the bones, is seriously affected.” 


Tron.—Heemaglobine, the coloring matter of the blood, 
contains, intimately united with organic matter, a consider- 
able proportion of iron. The examples of anemia, which are 
daily met with in practice and are almost always relieved in 
a short time by the administration of iron, are proof of the 
importance of this substance as an alimentary principle. 
The quantity of iron which is discharged from the body is 

? See vol. i, Introduction, 

"Chossat fed pigeons for a length of time exclusively on wheat which had 
been carefully cleaned 60 as to remove every particle of calcareous matter, He 
found that this diet answered very well for three months; but after that time 
diarrhea set in, and the animals died between the eighth and the tenth month, 
One of the most remarkable points in these experiments related to the condition 
of the bones, which became excessively thin and fragile, Oue animal was found 
with both femurs and tibias fractured; and examined after death, it was found 
that the bony tissue had disappeared from many parta of the sternum, None of 
these effects were observed when a little carbonate of lime was added to the food, 
(Comptes Rendus, Paris, 1842, tome xiv., p. 452.) 
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very slight; a trace only being discoverable in the urine. 
A small quantity of iron is frequently introduced in solution 
in the water taken as drink, and it is a constant constituent 
of milk and eggs. When its supply in the food is insuf- 
ficient, it is necessary, in order to restore the processes of nu- 
trition to their normal condition, to administer it in some 
form, until its proportion in the organiam reaches the proper 
standard. 


It is hardiy necessary even to enumerate the other inor- 
ganic alimentary principles, as nearly all are in a state of 
such intimate combination with nitrogenized principles that 
they may be regarded as part of their substance. Suftice it 
to say, that all the inorganic matters which exist in the or- 
ganisin as proximate principles are found in the food. ‘That 
these are essential to nutrition, cannot be doubted ; but it is 
evident that by themselves they are incapable of supporting 
life, as they cannot be converted into either the nitrogenized 
or the non-nitrogenized proximate principles. 


CHAPTER II. 
COMPOUND ALIMENTARY SUBSTANCES, 


General consideratione—Aliments derived from the animal kingdom—Meats— 
Animal viscera—Animal products used as food—Eggs—Milk—Butter—Cheese 
—Fishes, reptiles, molluske, and crustacea—Preparation of animal articles of 
food—Aliments derived from the vegetable kingdom—Cereal grains—Bread 
—Leguminous roots, leaves, seeds, ete.—Condiments and flavoring articles. 


Axruoven the number of distinct alimentary principles is 
comparatively small, the different articles used as food in the 
civilized world are almost innumerable. In the selection of 
these articles, the natural instincts of man have become so 
developed and modified by habit and education, that little 
apparently remains to indicate the character of his original 
tastes. The more powerful races, in their conquests and 
explorations, have ever regarded the knowledge of new arti- 
cles and of new and improved methods of preparation of 
food as their most valuable acquisitions from foreign lands ; 
until, in the centres of civilization, the luxurious diet of the 
epicure comprises the products of nearly every climate and 
soil on the face of the globe, prepared with a scientific skill 
which is the result of the studies and experience of ages. 
‘Though the necessary and proper diet of man must present 
a certain physiological variety, the articles used may be very 
simple. All that is requisite is that the different alimentary 
principles shall be present in proper quantity, and that they 
be not unpalatable or in such a form as to become dis- 
tasteful from monotony. In normal alimentation it is indis- 
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kind of outrition in which the operation of accessory ali- 
mentary principles is 80 conspicuous. It cannot be denied, 
however, that the appetites sometimes engendered by great 
mental exercise very frequently lead to the most disastrous 
results, 


Aliments derived from the Animal Kingdom.—The arti- 
cles of food derived from the animal kingdom are numerous 
and varied, At the head of the list may be placed the dif- 
ferent kinds of meat, a name generally applied to the flesh 
of the mammalia; next, the flesh of birds, those most com- 
monly’ used being domesticated, like the fowl, turkey, etc. ; 
next, the flesh of fishes, a great variety. of which are edi- 
ble; and next, certain reptiles which are more or less com- 
monly used as food, such as different kinds of turtles, and 
sometimes frogs. Some of the mollusks form important 
articles of food, more particularly oysters and clams, Some 
of the crustacea are very commonly used, such as lobsters, 
craw-fish, crabs, ete. Bees furnish honey, which is not an 
uncommon article of diet; but beyond this the class of in- 
sects contributes little or nothing to our food, Finally, cer- 
tain animal products, particularly eggs and milk, are impor- 
tant aliments, 


Meats —With hardly any exceptions among the mamma- 
lia, the flesh of herbivorous animals is the only variety which 
is considered fit for food. All animals of this class are not 
considered edible. The flesh of the horse, of rats, and many 
others is excluded from the table in civilized countries.’ 


+ In Paris, the attempt has frequently been made to introduce horse-flesh as an 
article of food—a movement which found favor to some extent among men of 
science. Among the advocates of this article may be mentioned, as the most 
prominent, the eminent naturalist and physiologist, Isidore Geoffrey Saint Hilaire, 
Tt has been found impossible, however, to establish @ reputation for horse-flesh 
which would give it a place among the meats exposed publicly for eale; but it 
is pretty-generally acknowledged that this article is consumed, in spite of the 
prejudice against it, under other names. (ParEx, op. cit., p. 59.) 
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they are best distributed in the mass. Thus the best 
butchers’ meat presents in many parts between the muscular 
fibres an interposition of fat, which gives them the appear- 
ance of a whitish marbling. 

Taking the above as the type of the composition of the 
meats, it is evident that enough variety is here presented to 
answer the purposes of nutrition. The carnivora habitually 
live upon meat as the sole article of food, and examples are 
not wanting in which life is sustained in the same way in 
the human subject. 

The composition of meat is somewhat modified by cook- 
ing. Odorous and flavoring principles are developed, which 
render it more agreeable, and the inter-muscular areolar 
tissue is softened, by which it is rendered somewhat more 
digestible. ‘The following analyses were made by Payen of 
beef-steaks, about 1} in. thick, cut from the tenderloin, ex- 
empt apparently from adipose tissue.” 


Composition of Cooked Beef-steaks, 


100 parts gave by analysis the following quantities of water, cucbon, nitro- 
‘gen, of fatty and mineral substances : 











Water. Carbon, Nitrogen. ‘Fatty Matters, ‘Mineral Substances, 
69:89 16°76 3528 19 105 
Immediate Composition. Cooked Meat, Dry Substance 
Water. .....00. + 6989 0-00 
Nitrogenized matters, 98, 7618 





Fatty substances... 
Mineral substances, * 
Non-nitrogenized substances, sulphur, and loss, 


bg 17-25 
1-05 8:50 
1-04(0-4%) 8-07 


100-00 100-00 


The composition of other varieties of meat being so much 
tike that of beef, does not demand special consideration. 








1 Pargs, op. cit., p. 68, 

* Op. cit., p. 92. 

In the admirable work of Payen, one of the most complete and exhaustive 
treatises on alimentary substances in any language, we find (page 71) a quotation 
from remarks made by Cherreul in a discussion at the Imperial and Central 80. 
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Animal Products used as Food—Eggs.—The eggs of 
various birds are frequently used as food, but those of the 
common fowl are by far the most esteemed. They contain, 
necessarily, all the principles which are demanded in the 
development of the chick, and are exceedingly nutritious, 
They are taken sometimes raw, but most frequently cooked, 
and in a great variety of forms which it would be out of 
place even to enumerate. The white of egg uncooked, or 
imperfectly coagulated, is ordinarily more digestible than 
when it has been rendered solid by prolonged boiling. 

It is only necessary to refer to the composition of eggs to 
appreciate their nutritive value. According to Payen, the 
egg contains “nitrogenized substances (membranes, albu- 
men, vitelline, extract of meat, yellow coloring matter) ; 
fatty matters (margarine, oleine, cholesterine, ete., margaric, 
oleic, and phospho-glyceric ucids); a saccharine matter, sul- 
phur, phosphorus, and mineral salts; phosphates of lime and 
magnesia, chlorides of sodium and potassium, carbonate of 
aoda.”* In addition, the important principle, iron, is always 
found in the ash after incineration. The white is composed 
chiefly of albumen with inorganic salts; and the yolk, of 
vitelline, with a large quantity of oil in the condition of an 
emulsion. 


Hilk—At certain periods of life milk is the sole article 
of food, and it must be regarded as at all times one of the most 
nutritious and important of the animal products, being used 
largely in its natural form, and furnishing butter and the 
numerous varieties of cheese which are so largely consumed. 
‘The composition of milk affords an explanation of its hig! 
ly nutritive properties. It contains a large amount of ni- 
trogenized material, composed in greatest part of caseine, 
but containing albumen, and another principle not very well 
determined, called lacto-proteine; fatty matter in abundance, 
composed of a variety of principles of this class (oleine, 

» Op. cit, p. 130, 
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in rural districts, It is agreeable, easily digested, and con- 
tains a considerable amount of nutriment. It is frequently 
useful in therapeutics, when other nutritious articles are not 
well borne. 


Butter—The only variety of butter used as food is that 
made from cows’ milk; from which it is extracted by mechan- 
ically breaking up the oil globules, and causing their fusion into 
a homogeneous mass. It usually contains about one-sixth of 
its weight of buttermilk.' The best butter is made out of 
rich milk of good flavor, and contains only the flavoring prin- 
ciple of the cream, which is but slightly altered. In poor quali- 
ties of butter, either the milk has been inferior, or the fatty 
acids are freely developed. In this country butter is gener- 
ally salted, but in many parts of Europe it is used fresh. It 
is an exccedingly important article of diet in all parts of the 
civilized world. Its important, and almost its sole aliment- 
ary principle, is fat, and it therefore demands no considera- 
tion beyond that which has already been given to this class 
of principles. 


Cheese—The coagulated nitrogenized constituents of 
milk, combined with a greater or less quantity of butter and 
inorganic salts, the more watery portions having been re- 
moved by pressure, constitute the important article of food 
called cheese. In this country, cheese is ordinarily:so pre- 
pared and protected that it will keep for a length of time, 
and it becomes, in some instances, considerably improved by 
age. Its manufacture constitutes an important branch of 
industry in many sections, particularly those in which, from 
the quality of the pasture, the milk is unusually rich and 
wellflavored. In the ordinary form it is somewhat salted, 
and pressed into immense cakes or disks. The alterations 


* Prnzina, Treatiae on Food and Diet, edited by Charles A. Lee, M.D. New 
York, 1843, p. 86, 
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which cheese undergoes are usually connected with the de- 
velopment of volatile principles from its fatty constituents, 
In addition, it is sometimes attacked by mould, by the larve 
of a peculiar kind of fly, and by the ordinary cheese-mite. 
The blue mould is thought by many not to injure the qual- 
ity of cheese, and some even regard the development of 
skippers and mites as an improvement. Ordinary new 
cheese is a highly nutritious article, as is evident from 
its composition, but by many is not very easy of digestion. 
Old cheese, taken in small quantity toward the close of a re- 
past, undoubtedly fucilitates digestion by stimulating the se- 
cretion of the fluids, particularly the gastric juice. 

The following is the composition of Cheshire cheese, 
which many of the American cheeses closely resemble :* 


Composition of Cheshire Cheese. 














Water... + 86:92 
Nitrogenized matters (representing 4°126 of nitrogen) + 25:99 
Fatty matters (representing 41°11 for the cheese desiccated). + 2634 
Salta (by incineration)... . 416 
‘Non-nitrogenized matters and loss r39 

100-00 


The foreign cheeses which those made in the United 
States most nearly resemble are made in England; and al- 
though the real Cheshire, Stilton, and Cheddar cheeses are 
undoubtedly the best of their kind, they have been very suc- 
cessfully imitated in this country. 

The French market abounds in delicious varieties of 
cheese, many of which are fresh and very different from the 
articles ordinarily used in this country. \ Their richness and 
excellence, as indeed the good qualities of all cheeses, depend 
upon the quantity and quality of their fatty constituents, 
The fresh Neufchdtel cheese contains 8 per cent. of nitrogen- 
ized matter, and 40 per cent. of butter.’ Almost all of the 

+ Pavey, op. cit, p. 209. 


* This variety of cheese is very successfully imitated in New Jersey, opposite 
the city of New York, and is frequently sold as the true imported article. 
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proportion of nitrogenized matter. They contain a -very 
small proportion of the phosphates. 

The ripe fruits are characterized by the presence of 
large quantities of sugar, mallic and citric acid and their 
combinations, pectine or vegetable jelly, and by the absence 
of starch, They are used as articles of luxury and contribute 
somewhat to the variety in diet, but they are not very im- 
portant as alimentary substances. The various melons are 
particularly grateful and refreshing, but they contain a very 
small proportion of solid or nutritive matters. 


Condiments and Flavoring Articles. 


The refinements of modern cookery involve the use of 
numerous articles which cannot be classed as alimentary 
principles. Pepper, capsicum, vinegar, mustard, spices, and 
articles of this class, which are so commonly used, with the 
various compound sauces, have no decided influence on nu- 
trition, except in so far as they promote the secretion of the 
digestive fluids. Common salt, however, as we have already 
seen, is very important, and has already beon considered 
under the head of inorganic alimentary principles. The 
various flavoring seeds and leaves, truffles, mushrooms, ete., 
have no physiological importance except as rendering ar- 
ticles of food more palatable. 


CHAPTER IV. 


DRINKS.—QUANTITY AND QUALITY OF FOOR. 


Water—Aleohol—Distilled liquors—Wines, malt liquors, ete.—Coffee—Tea— 
Chocolate—Quantity and variety of food necessary to nutrition—Necessity 
of a varied diet 


Water. 


Wares, one of the most important of the proximate 
principles of the organism, and found in every tissue and 
part without exception, is introduced with all kinds of 
food, and is the basis of all drinks. Its functions in the 
economy have already been fully considered. As a rule, it is 
taken in greater or less quantity in nearly a pure state. 
Although, as a drink, water should be colorless, odorless, 
and nearly tasteless, it always contains more or less of saline 
and other matters in solution, with a certain quantity of air. 
The air and gases may be evolved by boiling or removing 
the atmospheric pressure. Pure water does not exist in 
Nature. Even rain-water always contains salts, and fre- 
quently a little ammonia and organic matter. The Croton 
water supplied to the city of New York, contains 4°16 grains 
of solid matter to the gallon.’ The waters of the mineral 
springs, which are so abundant in parts of this country, are 
very rich in saline constituents, and generally contain a no- 
tuble quantity of carbonic acid; but the consideration of their 
properties does not belong to physiology. Water charged 
with carbonic acid under pressure, called soda-water, or in 
1 Dm. Lex, in Pzrzira, on Food and Diet, p. 43, note. 
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most highly prized, it is naturally most subject to adultera- 
tion and imitations. 

Various other liquors distilled from the fermented prod- 
ucts of graine or fruits are in common use. The most 
important of them are whiskey, which is made from rye, 
corn, wheat, or oats; gin, made from various grains rectified 
with turpentine and juniper; rum, made from molasses; 
and apple or peach-brandy, made from the juices of these 
fruits. Liquors are also sometimes made from the potato. 

As a rule, the distilled liquors contain a little more than 
fifty per cent., by volume, of aleohol, specific gravity, “825. 
Alcohol is undoubtedly more injurious taken in this form 
thn in any other, as its quantity is large, and it is unmixed 
with the tonic and nutritive principles contained in many 
wines and malt-liquors. ‘The gravest effects of the abuse of 
alcoholic beverages, which are, unfortunately, so common in 
countries where spirit-drinking prevails, are almost unknown 
where the light wines are the ordinary drink of all classes, 


Wines, Malt-Liquors, ete—The fermented juice of the 
grape furnishes an almost infinite variety of wines. These 
are called full-bodied or light, as they contain more or 
less alcohol. The stronger wines, such as port, madeira, 
ard sherry, contain from fifteen to twenty-five per cent. of 
alesohol; while the lighter wines, such as claret, sauterne, 
amc hock, contain from ten to fifteen'per cent. Every dis- 
timct variety of wine contains peculiar flavoring and aro- 
matic principles, either characteristic of the grape or pro- 
atced in the process of manufacture. 

As wine contains a variety of principles, chiefly non- 
nitrogenized matters, with organic acids and salts, its effects 

wPon the system are somewhat different from those of aleohol 
oF the distiJled liquors, The following are the constituents 
found, in variable proportions, in most wines :' 


‘Punsima, A Treatise on Food and Dict, New York, 1848, p. 202, 
40 
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Conatituents of Wine. 
Water, 
Alcohol, 
Bouquet (volatile oil? an ether #), 
‘Sugar, 
Gum, 
Extractive matter, 
Gluten (except when tannin is present), 
Acetic acid, 
Bitartrate of potash, 
Tartrate of potash and alumina (in German wines), 
‘Sulphate of potash, 
Chlorides of potassium and sodium, 
Tannin, ; 
Coloring matter of the husk, | ¢2"0*™s 
Carbonic acid (in champagne and other efferrescing wines), 


As the proportion of alcohol in many wines is quite 
small, it is only when they are taken in quantity that its 
disturbing effects upon the system are manifested. Wines 
supply, on the other hand, many important saline prin- 
ciples, and some have a very decided action as tonics, It 
must be borne in mind, however, that wines are very often 
adulterated and imitated. They then contain ordinary spirit, 
with extrancous coloring and flavoring principles which are 
often highly injurious. 

The sparkling wines are made from the juice of the grape 
treated in such a way as to increase the production of car- 
bonic acid; a process which generally involves the addition 
of glucose. - The exhilarating properties of the carbonic acid, 
added to those of the alcohol, render these wines more rap- 
idly stimulating in their effects than other beverages which 
contain an equal amount of alcohol. Champagne is often 
the best diffusible stimulant that can be employed, in certain 
diseases which demand prompt and vigorous support of tho 
vital powers. 
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agents than in men thus subjected to intense cold and extra- 
ordinary hardships, 

A study of the composition of coffee shows a considerable 
proportion of what must be considered as alimentary matter. 
‘The following is the result of the latest analyses by Payen : 

















Composition of Coffee. 
Cellulose. 34 
Water (hygroscopic) 2s 
Fatty substances... + 10 to 18 
Glucose, dextrine, indeterminate vegetable acid. 15500 
Legumine, caseine, ete.. . 10 
Chlorolignate of potash and caffeine, + 85 to B 
& 
. 0800 
Concrete, insoluble essential vil. 0-001 
Aromatic essence, of agreeable odor, soluble in water, + 0-002 
Mineral substances : potash, magnesia, lime, loos je, and eul- 
phuric acid and cblorine... eo see 6607 
100-000 


The above is the composition of raw coffee, but the 
berry is seldom used in that form, being usually subjected to 
torrification before an infusion is made. The roasting should 
be conducted slowly and gently until the grains assume a 
chestnut-brown color. During this process the grains are 
considerably swollen, but they lose from sixteen to seventeen 
per cent. in weight. A peculiar aromatic principle is also 
developed. If the torrification be pushed too far, much 
of the agreeable flavor is lost, and an acrid empyreumatic 
principle is produced. An infusion of fifteen hundred grains 
of roasted and ground coffee in about a quart of boiling war 
ter, the infusion made by simple percolation, contains about 
three hundred grains of the soluble principles, According 
to Payen, this contains about one hundred and forty grains 
of nitrogenized matters, and one hundred and fifty-three 
grains of fatty, saccharine, and saline substances, There is 
every reason to suppose that these principles are assimilated ; 


1 Op. cit, p. 414, 
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effects upon the system are similar to those of coffee, but are 
generally not so marked. Ordinary tea, taken in moderate 
quantity, like coffee, relieves fatigue and increases mental 
activity, but does not usually induce such persistent wake- 
fulness. 

‘It is unnecessary to describe all the varieties of tea in com- 
mon use, There are, however, certain varieties, called green 
teas, which present important differences, as regards compo- 
sition and physiological effects, from the black teas, which 
are more commonly used. The following is a comparative 
analysis of these two varieties by Mulder :* 


Composition of Tea. 













Volatile oil. 


Apotheme?, 
Extract obtained by bydrochioric acid... 
Albumen... 
Fibrous matter. 





Both tea and coffee possess peculiar organic principles. 
The active principle of tea is called theine, and the active prin- 
ciple of coffee, caffeine. These have been found to be iden- 
tical in ultimate composition ; their formula being C,H,O,N,. 
As they are supposed to be particularly active in producing 

1 Prneina, Food and Diet, New York, 1843, p. 190. 

Hyson is a green tea, and Congou is black. With regard to the proportion 
of theine in teas, there is considerable difference of opinion. Payen (op. cit, p. 
497) quotes the analyses of Peligot, which give from 234 to 3 parts per 100. He 
‘also found from 20 to 80 per cent. of nitrogenized matter. 

"A peculiar brown deposit which slowly takes place in vegetable extracts 
(Beraelius). 
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the slight prevalence of the ordinary diseases, except those 
of malarial origin. 
The following is the army ration of the United States :* 


Daily Ration of the United States Soldier. 


+ 22 ounces, 







Bread or four... ....c++sseeee 
Fresh or salt beef (or pork or bacon, 12 02). 2 
Potatoes (when practicable). 48 
Rice or hominy... 16 
16 « 
o4 
4 
0-32 gill 
0-60 « 


The bread, meat, and potatoes in the above ration contain 
3°78 oz. of carbon and 4°77 oz, of nitrogenized matter ; in addi- 
tion to which are the alimentary principles contained in the 
rice, beans, sugar, and coffee, with the peculiar stimulant 
effect of the coffee. The United States soldier does not re- 
ceive aleohol unless exposed to extraordinary privations or 
fatigue, 

The influence of diet upon the capacity for labor was well 

illustrated by a comparison of the amount of work accom- 
plished by English and French laborers in 1841, on a rail- 
road from Paris to Rouen. The French laborers engaged on 
this work were able at first to perform only about two-thirds 
of the labor accomplished by the English. It was suspected 
that this was due to the more substantial dict of the English, 
which proved to be the fact; for when the French laborers 
verere subjected to a similar regimen, they were able to ac- 
eomplish an equal amount of work, 

In all observations of this kind, and they are very nu- 
nx erous, it has been shown that an animal diet is much moro 
fzx-~vorable to the development of the physical forces than one 
€<1uisting mainly of vegetables. 


* Revised United States Army Regulations, Philadelphia, 1868, p. 244. 
*Loxarr, Trailé de physiologic, Paris, 1868, tome i., p. 104. 
41 
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which bear particularly on the questions under consideration, 
were the following: 

“Gelatine, albumen, fibrin, taken separately, do not 
nourish animals except for a very limited period and in a 
very incomplete manner. In general, these substances soon 
excite an insurmountable disgust, to the point that animals 
prefer to die of hunger rather than touch them. 

“The same principles artificially combined and rendered 
agreeably sapid by seasoning are accepted more readily and 
longer than if they were isolated, but ultimately they have 
no better influence on nutrition, for animals that take them, 
even in considerable quantity, finally die with all the signs 
of complete inanition. 

“ Muscular flesh, in which gelatine, albumen, and fibrin 
are united according to the laws of organic nature, and when 
they ure associated with other matters, such as fat, salts, ete., 
suffices, even in very small quantity, for complete and pro- 
longed nutrition.” * 

In Burdach’s treatise on physiology, is an account of some 
interesting experiments by Ernest Burdach on rabbits, show- 
ing the influence of a restricted diet upon nutrition. Three 
young rabbits from the same litter were experimented upon. 
One was fed with potato alone, and died on the thirteenth 
day with all the appearances of inanition, Another fed on 
barley alone died in the same way during the fourth week. 
The third was fed alternately day by day with potato and 
barley, for three weeks, and afterward with potato and bar- 
ley given together. ‘This one increased in size and was per- 
fectly well nourished.” 

In 1769, long before any of the above-mentioned experi- 
ments were performed, Dr. Stark, a young English physiol- 
ogist, fell a victim at an early age to ill-judged experiments 
on his own person on the physiological effects of different 


1 Op. cit, p, 282. 
*0.F. Bopace, Trailé de Physiologie, traduit par Jounvsx, Paris, 1841, 
tome ix., p. 249, 
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kinds of food. He lived for forty-four days on bread and 
water, for twenty-nine days on bread, sugar, and water, and 
for twenty-four days on bread, water, and olive-oil; until 
finally his constitution became broken, and he died from the 
effects of his experiments.’ 

) These remarkable observations were collected and published after the death 
of Dr. Stark, by Dr. James Carmichael Smyth. (The Works of the late Winttam 
Stang, M. D., London, 1798.) In commencing his observations on diet, Dr. 
Stark says that “Dr. B. Franklin, of Philadelphia, informed me that he himself, 
when » journeyman printer, lived a fortnight on bread and water, at the rate of 
10 Ibs. of bread per week, and that he found himself stout and hearty with this 


dict,” (p. 92.) 





CHAPTER V. 
DIGESTION—PREHENSION AND MASTIOATION. 


General arrangement of the digestive apparatus—Prehension of solids and 
liquids—Mastication—Physiological anatomy of the organs of mastication— 
Enamel of the teeth—Dentine—Cement—Pulp-cavity—Arrangement of the 
teeth—Anatomy of the maxillary bones—Temporo-marillary articulation— 
‘Muscles of mastication—Muscles which depress the lower jaw—Action of the 
muscles which elevate the lower jaw and move it laterally and antero-pos- 
tertorly—Action of the tongue, lips, and cheeks in mastication—Summary of 
the process of mastication. 


General Arrangement of the Digestive Apparatus, 

Tux inorganic alimentary principles are, with few excep- 
tions, introduced in the form in which they exist in -the 
blood, and require no preparation or change before they are 
absorbed; but the organic nitrogenized principles are al- 
ways united with more or less matter possessing no nutritive 
properties, from which they must be separated; and even 
when pure they always undergo certain changes before they 
become part of the great nutritive fluid. The non-nitro- 
genized principles also undergo changes in constitution or in 
form preparatory to absorption. With the varied forms in 
which food is presented to different animals, we find great 
differences in the arrangement of the digestive apparatus; 
from the simple pouch with a single orifice, which constitutes 
the entire digestive system of many of the infusorial animal- 
cules, to the immense length of intestine, with its numerous 
glandular appendages, found in the mammalia, In the 
higher classes of animals, great differences exist in the 
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sarily arrested only during deglutition ; for the mere act of 
suction has never any thing to do with the condition of the 
thoracic walls, The mechanism of drinking from a vessel is 
essentially the same. The vessel is inclined so that the lips 
are kept covered with the liquid, and are closed around the 
edge. By a gentle sucking action the liquid is then intro- 
duced. This is the ordinary mechanism of drinking; but 
sometimes the head is thrown back and the liquid is poured 
into the mouth, as in “tossing off” the contents of a small 
vessel, as a wine-glass." 

In drinking from a spoon, or in taking hot liquids, 
or when it is desired to introduce but a small quantity at a 
time, the liqnid is drawn into the month with an act of 
inspiration. In this process the lips are not covered by the 
liquid, as in ordinary drinking, and it enters the mouth with 
a more or less audible sound. 


Mastication. 

In the human subject, mechanical division of food in the 
mouth is neither so completely and laboriously effected as in 
the herbivora, particularly the ruminants, nor is the process 
so rapid and imperfect as in the carnivora. In order that 
digestion may take place in a perfectly natural manner, it is. 
necessary that the food, as it is received into the stomach, 
should be so far comminuted and incorporated with the flu- 
ids of the mouth as to be readily acted upon by the gastric 
juico; otherwise stomach-digestion is prolonged and difficult, 
Non-observance of this physiological law is a frequent cause 
of what is generally called dyspepsia. In animals that do 
not masticate, as some which live exclusively on flesh, the 
precess of stomach-digestion is much more prolonged than 





* Any one can easily convince himself that the ordinary mechanism of drink- 
{ng is by suction, by simply analyzing bis own movements during this act. The 
vrevsel is inclined 40 as simply to cover the lips, and not sufficiently to pour the 
Aiquit into the mouth; and the fact that a suction force is exerted by the mouth 
becomes very evident when the attention is directed to it 
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1 the human subject, even when the diet is the same; and 
it is found that while man must, as a rule, take food two or 
three times in the day, the carnivorous animals are generally 
best nourished when food, in proper quantity, is taken but 
once in the twenty-four hours. In the carnivora, the propor- 
tionate quantity of food is greater than in man, and digestion 
is much more prolonged. 

The comparative anatomy of the organs of mastication 
makes it evident that the human race is designed to live on a 
mixed diet ; but experience has shown that man can be nour- 
ished for an indefinite period on a diet composed exclusively 
of either animal or vegetable principles. 


Physiological Anatomy of the Organs of Mastication, 

In the adult, each jaw is provided with sixteen teeth, all 

of which are about equally well developed. The canines, so 
largely developed in the carnivora, but which are rudiment- 
ary in the herbivora, and the incisors and molars, so per- 
fectly developed in the herbivora, are, in man, of nearly the 
same length. Each tooth presents, for anatomical descrip- 
tion, a crown, a neck, and a root or fang. The crown is 
that portion which is entirely uncovered by the gums; the 
woot is that portion embedded in the alveolar cavities of the 
wnaxillary bones; and the neck is the portion, sometimes 
slightly constricted, situated between the crown and the root, 
covered by the edge of the gum. Thin sections of the teeth 
show that they are composed of several distinct structures. 


Enamel of the Teeth—The crown is covered by the enam- 
el, which is by far the hardest structure in the economy. 
‘This is white and glistening, and is thickest on the lower 
portion of the tooth, especially over the surfaces which, 
from being opposed to each other on either jaw, are most 
exposed to wear. It here exists in several concentric layers. 
The incrustation of enamel becomes gradually thinner tow- 

ard the neck, where it ceases. Microscopical examination 
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Muscles of Mastication. 
Muscles which depress the lower jav, 

Muscle, Adachmente, 

a -Mastoid process of the temporal bone— 
‘Lower border of the inferior maxilla 
near the symphysis; with its central 
tendon held to the side of the body 
of the hyoid bone, 

Body of the hyoid bone—Mylo-byoid 
ridge on the internal surface of the 
inferior maxilla. 

«Body of the hyoid bone—Inferior gen- 
ial tubercle on the inner surface of the 
inferior maxilla near the symphysia, 

Clavicle, acromion, and fascia—Anterior 
half of the body of the inferior max- 
illa near the inferior border. 


Muscles which elevate the lower jaw, and move it laterally and antero-pos- 
teriorly. 
«Temporal fossa—Coronoid process of 
‘the inferior maxilla, 

sseseeeesesseeseMalar process of the superior maxilla, 
lower border and internal surface of 
the zygomatic arch—Surface of the 
‘ramus of the inferior maxilla, 

-Pterygoid fossa—Inner side of the ra- 
mus and angle of the inferior maxilla. 

Ptersgoid ridge of the sphenoid, the 
surface between it and the pterygoid 
process, external pterygoid plate, and 
the tuberosity of the palate and the 
‘superior maxillary bone—Inner sur- 
face of the neck of the condyle of 
the inferior maxilla and the inter- 
articular fibro-cartilage. 





MyloByoid....sseseeeerees 





Geniohyoid.. 





Platysma myoides....seeese-+46 





Temporal.ss.e.seseeseeee 








Internal Pterygoid...... 
External Pterygoid., 








Action of the Muscles which depress the Lower Jaw.—The 
most important of these muscles have for their fixed point of 
action the hyoid bone, which, under these circumstances, is 
fixed by the muscles which extend from it to the upper part 
of the chest. The central tendon of the digastric, as it per- 




















CHAPTER VI. 
INSALIVATION. 


General considerations—Parotid saliva—Relatione of the parotid secretion to 
mastication—Submaxiliary saliva—Relations of the submaxillary secretion 
to mastication and gustation—Sublingual saliva—Fluids from the smaller 
glands of the mouth, tongue, and fauces—Mixed saliva—Quantity of saliva— 
General properties and composition of the saliva—Functions of the ealiva—Ac- 
tion of the saliva on starch—Mechanical functions of the saliva. 


Ose of the most important of the digestive processes 
which take place in the mouth is the incorporation of the 
saliva with the food, or insalivation. Not only has this fluid 
a mechanical function, assisting to reduce the food to the 
proper form and consistence to be easily swallowed, but it 
seems to be necessary to the proper performance of the sub- 
sequent - processes of digestion, and is concerned to a consid- 
erable extent in the transformation of starch into sugar. That 
the saliva is necessary to digestion is proven by the grave 
effects upon the general function of nutrition which follow 
its loss in any considerable quantity. This occasionally oc- 
curs from the habit of excessive spitting, or as the result of 
salivary fistula. It becomes important, therefore, to study 
the physical and chemical properties of the saliva, the sources 
from which it is derived. and its mechanical and chemical 
functions in digestion, 


Saliva. 
The fluid which is mixed with the food in mastication, 
which moistens the mucous membrane of the mouth, and 
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cation of experiments made on an exclusively carnivorous ani- 
mal, like the dog, to the digestive processin man. While there 
is no reason to suppose that there is any material difference 
in the mammalia, as regards the general operation of some 
of the functions, such as circulation or respiration, it is evi- 
dent that differences exist in the properties of the digesti 
fluids, as well as in the teeth and jaws, corresponding with 
the great differences in the character and conditions of the 
alimentary principles. In the study of digestion, therefore, 
the results of experiments on the inferior animals cannot 
always be taken without reserve, and must be confirmed by 
observations on the human subject; but fortunately, the 
properties of nearly all of the digestive fluids which have 
been studied minutely by vivisections have been investigated 
more or less fully in man. 

In 1831, Leuchs discovered that hydrated starch, mixed 
with fresh saliva and warmed, became liquid in the space of 
several hours and was converted into sugar.’ This fact has 
since been repeatedly confirmed; and it is now a matter of 
common observation that hydrated starch, or unleavened 
bread, taken into the mouth, almost instantly loses the prop- 
erty of striking a blue color with iodine, and responds to the 
usual tests for sugar. Of the rapidity of this action any ono 
can easily convince himself by the simple experiment of tak- 
ing a little cooked starch into the mouth, mixing it well with 
the saliva, and testing in the ordinary way for sugar. This 
can hardly be done so rapidly that the reaction is not mani- 
tested ; and the presence of sugar is also indicated by the taste. 
Though the human mixed saliva will finally exert the same 
action on uncooked starch, the transformation takes place 
much more slowly. It has been shown by experiment that all 
the varieties of human saliva have the same effect on starch 
as the mixed fluids of the mouth. Dalton found no differenco 
in the pure parotid saliva and the mixed saliva of the human 
subject as regards the power of transforming starch into su- 

+ Borpace, Traité de Physiologic, Paris, 1841, tome ix, p. 268. 
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horse, Bernard found that after the ducts of Steno had been 
divided, the portions of food, which were collected by an 
opening into the esophagus as they were swallowed, were 
not coherent and were passed into the stomach with great 
difficulty. The time occupied in eating about three-quarters 
of a pound of oats was twenty-five minutes; while before 
the section of the salivary ducts, a pound of oats was eaten 
in nine minutes." 

The secretions from the submaxillary and sublingual 
glands and the small glands and follicles of the mouth, being 
more viscid and less in quantity than the parotid secretion, 
penetrate the alimentary bolus less easily, and have rather 
a tendency to form a glairy coating on its exterior; ag- 
glutinating the particles on the surface with peculiar tena- 
city. 

When the process of mastication and insalivation is com- 
pleted, and the food is passed back into the pharynx, it meets 
with the secretion of the pharyngeal glands, which still fur- 
ther coats the surface with the viscid fluid which covers the 
mucous membrane in this situation, thus facilitating the first 
processes of deglutition. 

It has been observed that the saliva has a remarkable 
tendency to entangle bubbles of air in the alimentary mass, 
Tn mastication, a considerable quantity of air is mixed with 
the food, and this undoubtedly facilitates the penetration of 
the gastric juice. It is well known that moist, heavy bread, 
and articles that cannot become impregnated in this way 
with air, are not easily acted upon in the stomach. 


4 Braann, Lepons de Physiologie Expérimentale, Paris, 1856, p. 146. 


CHAPTER VII. 


DEGLUTITION. 


Physiulogical anatomy of the parts concerned in deglutitiun—Pharynx—Musclee 
of tie pharynx—Muscles of the soft palate—Mucous membrane of the phar- 
ynx—Gsophagus—Mechanism of deglutition—First period of deglutition— 
Second period of deglutition—Protection of the posterior nares during the 
second period of deglutition—Protection of the opening of the larynx—Func- 
tion of the epizlottip—Study of deglutition by autolaryngoscopy—Third period 
of deglutition—Intermittent contraction of the lower third of the cesophagus 
—Nature of the movements of deglutition—Deglutition of air. 


Deglutition. 

Deetetrrion is the act by which solid and liquid articles 
are forced from the mouth into the stomach. The process 
involves first, the passage—by a voluntary movement—of the 
alimentary mass through the isthmus of the fauces into the 
pharynx; then a rapid contraction of the constrictors of the 
pharynx, by which it is forced into the esophagus; and, 
finally, a peristaltic action of the muscular walls of the 
oesophagus extending from its opening at the pharynx to the 
stomach, 


Physiological Anatomy of the Parts concerned in Deg- 
lutition.— The parts concerned in this function are the 
tongue, the muscular walls of the pharynx, and the cso- 
phagus. In the passage of food and drink through the 
pharynx, it 18 necessary to completely protect from the en- 
trance of foreign matters a number of openings which are 
exclusively for the passage of air. These are the posterior 
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nares and the Eustachian tubes, above; and below, the open- 
ing of the larynx. The mechanism by which these passages 
are closed during the acts of deglutition is one of the most 
interesting eubjects connected with this function, and has 
long engaged the attention of physiologists. 

The tongue—a muscular organ capable of a great variety 
of movements, and endowed, as we have seen, with highly 
important functions connected with mastication—is the chief 
agent in the first processes of deglutition. Its physiological 
anatomy has already been considered. 

The pharynx, in which the most vigorous and complex 
of the movements of deglutition take place, is an irregularly 
funnel-shaped cavity, its longest diameter being transverse and 
opposite the cornua of the hyoid bone, with its smallest por- 
tion at the opening into the esophagus, Its length is about 
four and a half inches. It is connected superiorly and pos- 
teriorly with the basilar process of the occipital bone and 
the upper cervical vertebre. It is imperfectly separated 
from the cavity of the mouth by the velum pendulum palati, 
a movable musculo-membranons fold, continuous with the 
roof of the mouth and marked by a line in the centre, which 
indicates its original development by two lateral halves. 
This, which is called the soft palate, when relaxed, presents 
a concave surface looking toward the mouth, a free, arched 
border, and a conical process hanging from the centre, called 
the uvula. On cither side of the soft palate are two curved 
pillars or arches. 

The anterior pillars of the fauces are formed by the pala- 
toglossus muscle on either side, and run obliquely downward 
and forward ; the mucous membrane which covers them be- 
coming continuous with the membrane of the base of the 
tongue. The posterior pillars are more closely approxi- 
mated to each other than the anterior. They run obliquely 
downward and backward, their mucous membrane becoming 
continuous with the membrane covering the sides of the 
pharynx. Between the lower portion of the anterior and 
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posterior pillars, are the tonsils; and in the substance of, and 
beneath the mucous membrane of the palate and pharynx, 
are emall glands, which have already been described. 

Tn Fig, 1 are shown the eavities of the mouth and phar- 
ynx, with their relations to the nares and the larynx, 
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various glands situated beneath it and in its substance, which 
have already been described,—presents some peculiarities, 
Which are interesting more from an anatomical than a physi- 
ological point of view. In the superior portion, which forms a 
cuboidal cavity just behind the posterior nares, the membrane 
is darker and much richer in blood-vessels than in other 
parts. Its surface is smooth and provided with ciliated col- 
umnar epithelium, like that which covers the membrane of 
the posterior nares. It is marked by a deep antero-posterior 
groove in the median line; and on either side, parallel with 
the median line, are four smaller grooves. In the horizontal 
portions, the mucous membrane in the central groove adheres 
to the periosteum of the basilar process, particularly at its 
posterior extremity. Laterally, below the level of the open- 
ing of the Eustachian tubes, and posteriorly, at the point where 
it becomes vertical, the mucous membrane abruptly changes 
its character. The epithelial covering is here composed of 
cells of the pavement-variety, similar to those which cover 
the mucous membrane of the esophagus. The membrane is 
also paler, and is less rich in blood-vessels. It is provided 
with papille, some of which are simple conical elevations, while 
others are split into from two to six conical processes with a 
single base. These papille are rather thinly distributed over 
the whole of that portion of the mucous surface which is cov- 
ered with pavement-epithelium. 

The contractions of the muscular walls of the pharynx 
force the alimentary bolus into the cesophagus, a tube pos- 
sessed of thick muscular walls, extending to the stomach. 
The esophagus is about nine inches in length. It is cylin- 
drical, and rather constricted at its superior and inferior ex- 
tremities. It commences in the median line behind the 
lower border of the cricoid cartilage and opposite the fifth 
cervical vertebra, At first, as it descends, it passes a little 
to the lett of the cervical vertebre. It then passes from left 
to right from the fourth or fifth to the ninth dorsal vertebra, 
to give place to the aorta, It finally passes a littlé to the 
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down the pharynx by the sides of the epiglottis ; and in that 
ease, liquids would almost certainly past around the borders 
in quantity sufficient to moisten the mucous membrane be 
low. It nist be remembered, however, that the sensibility 
of the air-passages is very unequal in different persons, and 
that it may be considerably modified by education of the 
parts, This should make us hesitate to accept the view 
that, in gargling, the larynx receives a quantity of le 
quid, and that an alimentary bolus may be tolerated in the 
trachea for many minutes without coughing. Though this 
nny be true in the person of Dr, Krishaber, common experi- 
ence shows that it is not generally the case.' 

To cum up the mechanism by which the opening of the 
larynx is protected during the deglutition of solids and 
liquids, we have only to carefully follow the articles as they 
pass over the inclined plane formed by the back of the 

and the anterior and inferior part of the pharynx, 
As the food is making this passage in obedience to the con- 
traction of the muscles whieh carry the tongue backward, draw 
up the larynx, and constrict the pharynx, the soft base of the 
fongue and the upper part of the larynx are applied to each 
other, with the epiglottia, which is now inclined backward, 
between them ; at the eame time, the glottis is closed, in part 
by the action of the constrictor muscles attached to the sides 
of the thyroid cartilages, and in part by tho action of its in- 
trinsic muscles. If the food be tolerably consistent and 








4 The note of M. H. Guinier mentions experiments on deglntition observed by 
autolatyngmcopy in which, by perforwing the st of awallowing slowly and impor. 
Ghetly, bo a8 201 to close the pharyax, he was ablo ty exhibit the phenomena to = 
umber of persona. He showed that the action of the epiglottis was not abso 
Intely neoranary to protect the larynx during tho passage of the alimontary bolus 
thom the pharynx to the awophagua, and that the passages could be protected by 
siaple closure cif the voral cords ; and thatin gargling, the space above tho superior 
toca] cords wax filled and the liquid agitated by tho air as it was allowed to pase 
shorty from tho glottis. Aw resards the function of the epiglotti», it must be re- 
meralered that In these experiments, dogtutition was vot and could vot be nor 
wal ‘The observations on gurgling, however, acm very mulicfactory. 
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CHAPTER VIII. 


STOMACH-DIGESTION—GASTRIC JUICE. 


Physiological anatomy of the stomach—Peritoneal coat—Muscular coat—Mucoas 
‘oat—Glandular apparatus in the stomach—Gastric tubules—Mucous follicles 
—Closed follicles—Gastric juice—Mode of obtaining the gastric juice—Gas- 
tric fistula in the human subject—Secretion of the gastric juice—Secretion in 
different ‘parts of the stomach—Quantity of gastric juice—Composition of 
the gastric juice—Organic principles of the gastric juice—Source of the acid- 
ity of the gaatric juice—Ordinary saline constituents of the gastric juice. 


Physiological Anatomy of the Stomach. 


Tae most dilated portion of the alimentary canal, in man, 
is the stomach. It serves the double purpose of a receptacle 
for the food and an organ in which certain important diges- 
tive processes take place. It is situated in the upper part 
of the abdominal cavity, and is held in place by folds of the 
peritoneum and by the esophagus. Its form is not easily 
described. It has been compared to a bagpipe, which it 
resembles somewhat, when moderately distended. As we 
should naturally suppose, from the fact that the stomach 
periodically receives considerable quantities of solids and 
liquids, its form and position are subject to great variations. 
When empty, it is flattened, and in many parts its opposite 
walls are in contact. When moderately distended, its length 
is from thirteen to fifteen inches, its widest diameter about 
five inches, and its capacity one hundred and seventy-five 
cubic inches, or about five pints." The parts usually noted 


 Baixtox, Cyclopedia of Anatomy and Physiology, London, 1889, Sapple- 
ment, p. 808. 
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mm anatomical descriptions are: a greater and a lesser cur- 
vature; a greater and a lesser pouch; a cardiac, or cesopha- 
geal opening; and a pyloric opening, which leads to the 
intestinal canal. The great pouch is sometimes called the 
fundus, 

‘The coats of the stomach are three in number: the peri- 
toneal, muscular, and mucous. By some, the fibrous tissue 
which unites the mucous to the muscular coat is regarded 
as a distinct covering, and is called the fibrous coat. 


Peritoneal Coat.—This is simply a process of the perito- 
neum, similar in structure to the membrane which covers the 
other abdominal viscera. It is a reflection of the membrane 
which lines the general abdominal cavity, which, on the 
viscera, is somewhat thinner than it is on the walls of the 
cavity. Over the stomach, the peritoneum is from sy to y}5 
of an inch in thickness. It belongs to the class of serous 
membranes, and consists of fibres of the white inelastic tissue, 
mingled with a considerable number of elastic fibres. It is 
closely adherent to the subjacent muscular coat, and is not 
very abundantly supplied with blood-vessels and nerves. 
Lymphatics have only been demonstrated in the subserous 
structure. The surface of the peritoneum is everywhere 
covered with regularly-polygonal flattened cells of pavement 
or tessellated epithelium, closely adherent to each other, and 
presenting a perfectly smooth surface which is continually 
moistened with a small quantity of watery secretion. An 
important function of this membrane is to present a smooth 
surface covering the abdominal parietes and viscera, so as 
to allow of free movements of the viscera over each other and 
against the walls of the abdomen. In the case of the hollow 
viscera especially, this membrane, from its structure, must 
give them considerable strength. 


Muscular Coat.—Throughout the whole of the alimentary 
canal, from the cardiac opening of the stomach to the anns, 
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and ammonium, and the phosphates of lime (necessarily in 
the form of the biphosphate), magnesia, and a small propor- 
tion of the phosphate of iron. Of these principles, the chlo- 
ride of sodium has always been found to exist in greatest 
abundance, 
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undertaken with the viow of showing that the acid sixaply 
prepared the albuminoids by permeating them and causing 
them to swell up and become gelatiniform, do not show that 
solution of these principles, even after such preparation, can 
be accomplished by a neutral solution of the organic prinel- 
ple of the gastri The view thus advanced by Mialhe 
was completely disproved by the observations of Longet, 
who showed that when the eolution was neutralized, some of 
the acid fluid alwaye remained in the subetance of the nitro- 
fonized principle which had been subjected to its action ; 
and thns, whon pepsin was added, the substance digested 
was really permeated by a fluid containing both the organic 
principle of the gastric juice and an acid. When, on the 
other hand, the fibrin, which was the nitrogenized substance 
used in the experiments, was removed from the neutralized 
olution, ent into slices, and washed, eo a4 to remove all tract 
of acid, the neutral solution of pepsin had no action upon it.” 

Tt has, indeed, been fully established that fluids contain- 
ing the onganie principle of the gastrie juice hare no digess 
tive properties less they also possess the proper degree of 
acidity; and it is as well settled that fluids containing acids 
alone have no action on albuminoids similar to that which 
takes place in digestion; and that when these principles are 
dissolved by them it is simply accidental, 

It is a curious fact that the presence of any one particn— 
lar acid docs not seem essential to the digestive properties 
of the gastric juico, so long as the proper degree of acidity 
is retained. In the experiments of Bernard, Villefranche, 
and Barreswil, after saturating the gastric juice with peu 
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which softens and #wells up the nitrogenized matter; the pepsin e tbe elim 
nine which determines its liquefaction by « phenomenon analogous to thes of tbe 
tion of diastase on starch,” (Thuiti le Chirnie, Puris, 1846, tome ¥E, py 8A) 
This opinion of Dumas is bared on experiinenta showing that fibrin S redwoed 69 
& Jelly-like consistence by the action of six parts of tydrechloeie ack) with tex 
thonsand parts of water, and ix aftermant completely dissolved try adding to the 
mixture ® fiw drops of rennet, 


* Longer, Traité de physiolopie, Paris, 1808, tome Ly p. 4% 
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of the fatty constituents of the food are liquefied at the tem- 
perature of the body ; and when taken in the form of adipose 
tissue, the little vesicles in which the oleaginous matter i+ 
contained are dissolved, the fat is set free and melted, and 
floats in the form of great drops of oil on the alimentary 
mass, The action of the stomach, then, seems to be to pre- 
pare the fate, chiefly by dissolving the adipose vesicles, for 
the complete digestion which takes place in the small intes 
tine, 


Action on Saccharine and Amylaccous Principles —The 
varieties of sugar of which glucose is the type undengo little, 
if any, change in digestion, and are probably for the most 
part directly absorbed by the mucous membrane of the 
stomach. This is not the case, however, with the varieties 
of sugar classed with canesngar, The experiments of Ber- 
nard and Barreswil' have shown that canesugar infected 
into the veins of a living animal is not assimilated by the 
system, but is immediately rejected by the kidneys. When, 
however, it haa been ehanged into glucose by the action of a 
dilute acid, or by digestion in the gnatrio juice, it no longer 
behaves as a foreign substance, and does not appear in the 
urine, 

‘This leads to a consideration of the changes which cane 
sugar undergoes in the stomach, Experiments have shown 
that this varicty of sugar, after being digested for several hours 
in the gastric juice, is slowly converted into glucose. ‘This 
action, according to the recent observations of Longet and 
Schiff, does not depend upon any constituent of the gastric 
juice except the free neid ; and they found that an exceedingly 
dilute mixture of hydrochloric acid had an equally marked 
effect," Dalton found that, in the dog, the ingestion of cane 
sugar induood, almost invariably, an immediate reflux of 
intestinal fluida, including bile, by which it was promptly 

* Toe. eit 
* Loxorr, Truiid de phyrivlegic, Parin, 1863, tomo ly p. 65. 
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id CHAPTER X. 
MOVEMENTS OF THE STOMACH, 


‘Tea Lancier of the contractions of the muscular coat of the storaach—Movementa 
in the cardiac and in the pyloric portion—Mechaniam of the movements of 
the stomach—Rumination, and regurgitation from the stomach—Rumination 
in the human subject—Vomiting—Mechanism of vomiting—Condition of the 
stomach during the act of vomiting—Action of the diaphragm in vomiting— 
‘Action of the abdominal muscles in vomiting—Action of the cesophagus in 
vomiting—Sunimary of the muscular action which takes place in vomiting — 
Eructation. 


As the articles of food are passed into the stomach by the 
Acts of deglutition, the organ gradually changes its form, size, 
And position. When the stomach is empty, the opposite sur- 
faces of its lining membrane are in contact in many parts, and 
are thrown into numerous longitudinal folds. As the organ is 
distended, these folds are effaced, the stomach itself becom- 
ing more rounded ; and as the two ends with the lesser curv- 
ature are comparatively immovable, the whole organ un- 
dergoes a movement of rotation, by which the anterior face 
becomes superior, and is applied to the diaphragm. At this 
time the great pouch has nearly filled the left hypochondriae 
Fegion, and the greater curvature looks anteriorly, and comes 
in contact with the abdominal walls, 

Aside from these changes, which are merely due to the 
ingestion of food, the stomach undergoes important move- 
ments, which continue until its contents have been dissolved 
aand absorbed, or have passed out at the pylorus. But while 
‘these movements are taking place, the two orifices are guard- 


‘ed, 20 that the food shall remain for the proper time exposed 
51 
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plished chiefly by contractions of the stomach and cesopha- 
gus. It is generally accompanied or preceded by sensible 
convulsive movements of the cesophagus, involving, possibly, 
contractions of its longitudinal tibres, which would favor re- 
laxation of the cardiac opening. Though usually involun- 
tary, this act is sometimes under the control of the will. 
When it occurs, while it is difficult or impossible to prevent 
the discharge of the gas, the accompanying sound may be 
readily suppressed. Eructation is frequently a matter of 
habit, which in many persons becomes so developed by prac- 
tice, that the act may be performed voluntarily at any time. 


CHAPTER XL 


INTESTINAL DIGESTION. 


Physiological anatomy of the small intestine—Size of the small intestine—Divi- 
sions of the small intestine—Mucous membrane of the small intestine—Val- 
vale: conniventes—Glands of Brunner—Intestinal tubules, or follicles of Lie- 
berkiihn—Intestinal villiSolitary glands, or follicles, and the patches of Peyer 
—Intestinal juice—Becretion of the solitary and agminated glands—General 
properties of the intestinal juice—Action of the intestinal juice in digestion, 


Physiological Anatomy of the Small Intestine. 


Tue small intestine, eo called on account of its small size 
as compared with the rest of the intestinal tract, is the long 
cylindrical tube which occupies the greatest part of the 
abdominal cavity. This must now be regarded as the most 
important division of the digestive system ; and its physiolo- 
gical anatomy, together with that of the great glands which 
discharge their secretions into its cavity, are indispensable as 
an introduction to the study of intestinal digestion. As it is 
in the small intestine that the final elaboration of most of 
the alimentary principles takes place, and here also that these 
principles are taken into the circulating fluid, we shall find, 
in our study of its anatomy, certain parts which are con- 
cerned in digestion, and others which, as far as we know; are 
connected only with the function of absorption. It will be 
most convenient, however, to consider, in this connection, all 
the structures found in the small intestine, which possess 
physiological interest. : 

The small intestine, extending from the pyloric ex- 
tremity of the stomach to the ileo-ceecal valve, is held to the 
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and leading to a cavity, the base of which is convex and 
formed by the conical projection of the wall of the follicle. 
‘The diameter of the follicles is from gly to ay of an inch. 
The small-sized follicles ane generally covered by the 
mmneous membrane and have no opening leading to them. 
Each follicle consists of s rather strong capsule composed of 
an almost homogencous, or very clightly fibrous membrane, 
enclosing a semitiuid grayish substance, cella, blood-vessels, 
and probably lymphatics. The semiflaid matter is of an 
albuminoid character. The cells are very small, rounded, 
and mingled with numerons small free nuclei. The blood- 
vessels lave rather a peculiar arrangement. In the first 
Place they are distributed between the follicles, 90 as to form 
a rich not-work surrounding each one. Numerous capillary 
Toranches are cent from those vessels into the interior of the 
follicle, returning in the form of loops. The obscurity in the 
senatomy of the follicles is chiefly with regard to the arrange- 
ament of their lymphatic vesscl. These have not been die 
tinetly traced within the investing niembrane. They have 
Teen demonstrated surrounding tho follicles, but it is still 
loubtfal whether they exist in their interior, This quee- 
‘tion ie eo unsettled that it is impossible to make a definite 
Statement on the subject. All that is known fs that during 
igestion the number of Iactenls coming from the Peyerian 
Patches is greater than at other parts ; but vessels containing 
© wilky fluid are never seen within the follicles, 
The mucous membrane covering the prominent patches 
‘96 generally co thick and folded that the closed follicles ean- 
Mot be seen from above and are only discernible from the 
Minder surface, In the smooth patches, the follices are gen- 
erally well brought out by maceration in acetic acid. 
The deseription of the follicles which compose the patches 
answers, in general terms, for the solitary glands, 
Sept that the Jatter are found in both the amall and lange 
intatine, 
EKGtisen, Pimencs dWistelypie Anvavine, Paris, 1965, p, 643. 
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‘Tere to the mucous membrane. It is generally either color- 
Tess or of a faint rose-tint, and its reaction is invariably al- 
kaline. 

‘With regard to the composition of the intestinal juice, 
little of a definite character has been learned. All that can 
be said is that its solid constituents exist in the proportion 
of about 5-47 parts per hundred.’ In most analyses of fluids 
from the intestine, there is reason to believe that the normal 
intestinal juice was not obtained.” 

The organs which secrete the fluid known as the intesti- 
nal juice are the follicles of Licberkithn, the glands of Brun- 
ner, the solitary follicles, and the patches of Peyer. The 
fluid, however, is chiefly secreted by the follicles of Lieber- 
kiihn, which, as we have seen, exist in the mucous mem- 
brane of the intestine in immense numbers. Though the 
other organs mentioned do not contribute much to the secre- 
tion, they produce a certain quantity of fluid; and the intes- 
tinal juice must be regarded as a compound fluid, like the 
saliva, and not the product of a single variety of glands, like 
the gastric juice. 


Action of the Intestinal Juice in Digestion. 


The physiological action of the intestinal juice has been 
closely studied in the inferior animals by Frerichs and Bid- 
der and Schmidt; but their experiments have been some- 


* Brace, loc. cit. 

* Colin (op. cit,, tome i., p. 649) gives the following analysis by Lassaigne of 
intestinal fluid taken from the horse. The mode in which this fluid was obtained 
by Colin has already been referred to. The fluid was collected in large quantity, 
and it seems probable, especially since the observations of Busch, that it was not 
the normal intestinal juice. Its spec'fie gravity was 1,010 at 60° Fahr. 
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to the saliva and the pancreatic juice. Intimately mingled 
—as it always is during digestion—with the bile and the 
pancreatic juice, as well as with various alimentary sub- 
stances, the intestinal juice should be studied as it operates 
azpon the food, in connection with the other fluids found in 
the small intestine; the digestive action of all being most in- 
timately associated. 


CHAPTER XII. 
PANCREATIC JUICE, 


Pancreatic ducts—Mode of obtaining the pancreatic juico—General properties 
and composition of the pancreatic julce— Alterations of the pancreatic juico— 
Action of the pancreatic juice in digestion—Action upon fats—Destruction 
of the pancreas—Cases of fatty diarrhcee—Action of the pancreatic juice 
‘upon starchy and saccharine principles—Action upon nitrogenized principles 
—Summary of the fanctions of the pancreas in digestion, 

Tax physiological anatomy of the pancreas will not de- 
mand a very extended consideration, as most of the points of 
its descriptive anatomy have no direct relation to its phys 
iology, and its minute anatomy belongs properly to the sub- 
ject of secretion. The pancreas is a glandular organ, situ- 
ated transversely in the upper part of the abdominal cavity, 
closely applied to its posterior wall. Its form is elongated, 
with an enlarged thick portion, called the head, which is at- 
tached to the duodenum, a body, and a pointed extremity, 
which is in close relation to the hilum of the spleen. Ita 
average weight is from four to five ounces ; its length is about 
eeven inches; its greatest breadth about an inch and a half; 
and its thickness three-quarters of an inch.' It lies behind the 
peritoneum, which covers only its anterior surface. 

According to Bernard, who has made numerous investi- 
gations into the anatomy of this gland, there are nearly 
always, in the human subject, two ducts opening into the 


* Hype Saran, Cyclopedia of Anetomy and Physiology, London, 1850, vol. 
¥., supplement, p. 83. 
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<>ut very gradually, and only after it has been fully prepared 
im the stomach for intestinal digestion. 

In intestinal digestion, all the secretions found in the 
=2mall intestine combine to accomplish the final result ; and 
+t only remains for us to examine how far and in what way 
‘We liis process is influenced by the bile, 








peristaiie movements—Caste of the movements of the small intestine— 
Fanction of the gaces in the small intestine—Peristaltic movements after 
death—Iaituence of the nerroes srstem upon the peristaltic movementa, 


Action of the Bile in Digestion. 


A creat deal of diversity of opinion has existed among 
voncerning the funetions of the bile. It is now 
generally acknowledged that this uid has, of itself, 
no marked intluence upon any of the different classes of ali- 
mentary principles, such as we have observed in the other se- 
eretions which are discharged into the alimentary canal. This 
being the case, it is important to decide whether the bile be 
essential in assisting or moditying the action of other secre- 
tions, or whether it be entirely inert in the digestive process. 
From the fact that it is poured into the upper part of the 
small intestine, it would seem that it oust have some office, 
either in moditving the digestion and absorption of food, or 
in the pasage of alimentary substances or their residue down 
the intestinal tract. It is difficult to suppose that a fluid 
whiel is brought in contact with the alimentary mass in that 
portion of the intestine where the most important digestive 
proveses commence should be simply excrementitious ; yet 
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and the communication between the liver and the intestine 
recstublishing itself. These six animals died, apparently 
of inanition, respectively, after seven, thirteen, seventeen, 
twenty-tive, sixty-four, and eighty days. In all, except the 
two animals that lived for sixty-four and eighty days respec- 
tively, there was gradual diminution in weight from the date 
of the operation, notwithstanding that a large quantity of food 
was taken, In the two exceptions, there was first diminution 
in weight, then the flesh was partially regained, but it sub- 
sequently diminished until death occurred.’ In these six ani- 
auals there was every reason to believe that death occurred 
tron the loss of the digestive function of the bile, and the dis- 
turbanees iu nutrition were very much like those produced by 
Uernant by destruction of the pancreas, These experiments 
were contittted in their esential particulars by Bidder and 


























Solunidit, and Bernard. In an observation reported by 
Rernant, animal died two months after the operation, 


xi gradual emaciation accompanied by great 


to show that the bile is not simply an 
and that its function, after it is dis- 
e. is not only important, but abso- 
The only experiment which is op- 
reported by Blondlot. 
lot was made upon a dog. The 
¢ tundus of the gall-bladder, 
ween tied and a portion ex- 
eyed by Schwann. Fifteen 
msl had become extremely 
sg to the report of the experi- 
Dnring all this time, how- 
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ing the chemistry of this duid ; deferring a full account of its 
composition until we come to treat of it as an excretion, 

The bile varies in color and consistence in different ani- 
mals, It usually hasa greenish, yellowish, or brownish hue 
Tn the human subject, it haa a dark golden-brown color, 
and is somewhat viscid in consistence, chiefly from ad- 
mixtaro with the mueus of tho gall-bladder. The 
gravity of oman bile has been found to be about 1,018." Its 
reaction ix faintly alkaline. 

Ph; yysiological chemists have long since recognized in the 
bile pecaliar principles, which are found in no other part of 
the onganism ; but the exact nature of these constituents wae 
first doseribod by Strecker, im 1845. The principle described 
by Berzelius under the name of biliary matter, subsequently 
separated by Thenard into two prineiples, called by him bil 
iary resin and picromel, and afterward treated of by Tiede- 
mann snd.Gmelin, who obtained two substances, which they 
called taurine and cholic acid, was analyzed by Strecker, who 
obtained from the bile of the ox two acids, cholic and cho- 
leie neid, which he found existed in this fiuid in combins- 
tion with coda.’ The results of these researches by Strecker 
into the chemistry of the bile, the most extended and acou- 
rate which had ever been made, are now generally accepted 
by physiologists, The cholic acid of Strecker, which may 
be decomposed into « new acid and a principle called glycine, 
and the eboleic acid from which may be formed a new acid 
and taurine, are called by Lehmann, respectively, glycocholic 
and taurocholic acid.” 2 te poner paleae ieee 
combined with soda, and the peculiar proximate principles 
of this fluid are now recognized aa the glycocholate of soda, a 

"Dacre, Maman Miyvinleey, Philebelphia, 1871, p. 162. 

"Srumum, Catrewley der Ockeraile—Aemales der Chimie wed Pharma 
oh, Hiviteibers, 1848, Bal tee, St ot ong. y and BA Bev, S et ang. Beoack 
tongs Ser sie Galle vevehindener Thire, Mem, 2608, Bd tex, 5 16 of sap 
An analvsis nf the above i given le the Simmel de Phersacie wf ale Chim, 
Pavis, 1868, tome slp TIS; ESKN, tome av, p TAS; aml ame avk, aD 

* Lewnaen, Pyeoligioa! CRemicry, Phihateiphia, 1653, vol Hip 201 f ang, 
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mals were fed on bread alone.’ In the case of intestinal 
fistula in the human subject, the evacuations which took 
place after the introduction of alimentary substances into 
the lower portion of the intestine had an unnaturally offen- 
sive and putrid odor. In this case, as it was impossible for 
matters to pass from the portions of the intestine above the 
fistula to those below, the food introduced into the lower 
opening was completely removed from the action of the 
bile. 

So far as the digestion of the different alimentary princi- 
ples is concerned, it has been shown that the bile, of itself, 
has no particular action upon any of them. In the fieces 
of animals with biliary fistula, the only peculiarity which has 
been observed, aside from the putrefactive odor and the 
absence of the coloring matter of the bile, has been the pres- 
ence of an abnormal proportion of fat. We have observed 
this in tho feces of a patient suffering under jaundice appar- 
ently due to temporary obstruction of the bileduct." This 
fact was noted in the dogs experimented upon by Bidder 
and Schmidt. 

The various experiments which have been performed upon 
animals render it almost certain that the bile has an impor- 
tant influence, either upon the digestion or the absorption of 
fats. The observations of Brodie and others, in which the 
bileduct was simply ligated, are not very conclusive, as the 
disturbances produced by the retention of the bile probably 
had an influence upon digestion and absorption ; but Bidder 
and Schmidt noted in animals with biliary fistula that the 
chyle contained very much less fat than in health. In an 
animal with a fistula, and the bile-duct obliterated, the pro- 
portion of fat was 1-90 parts to 1,000 parts of chyle; while 


» Op. cit, p. 218, 

* American Journal of the Medical Sciences, October, 1862. We obtained 
from 041-4 grains of fieces taken from this patient, a cake of soap weighing thin 
ty-four grains. In an analysis of the farces made nineteen dars after, when the 
Patient had recovered, no saponiBuble fat was found, 
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in an animal with the biliary passages intact, the proportion 
was 32-79 parts per 1,000." 

In animals operated upon in this way, there is frequently 
a great distaste for fatty articles of food. In our own obser- 
vation, the dog refused fat meat even when very hungry and 
when lean meat was taken with great avidity. 

Experiments concerning the influence of the bile upon the 
absorption of futs have resulted in hardly any thing definite. 
We only know the fact that when the bile is diverted from 
the intestine, the proportion of fat in the chyle is greatly 
reduced, and a large proportion of the fat taken with the 
food passes through the intestine and is found in the fivces. 

The action of the bile in exciting muscular contraction, 
particularly in the smooth muscular fibres, is pretty well es- 
tablished. It has been shown by Schiff that this fluid acts 
upon the muscular fibres situated in the substance of the in- 
testinal villi, causing them to contract, and, according to his 
view, assisting in the absorption of chyle by emptying the 
lacteals of the villi”. The whole subject, however, of the 
absorption of fats is exceedingly difficult of investigation ; 
and our knowledge of it has not been sensibly advanced by 
the experiments upon the influence exerted by the bile. 

Notwithstanding the obscurity in which this enbject is 
involved, it is certain that the progressive emaciation, loss 
of strength, and final death of animals deprived of the 
action of the bile in the intestine is due to detective diges- 
tion and assimilation. In spite of the great quantities of 
food taken by these animals, the phenomena which pree 
the fatal result are simply those of starvation, It may be 
that the biliary salts are absorbed by the blood and are 
necessary to proper assimilation; but there is no experi- 
mental basis for this supposition, and it is impossible to dis- 
cover these salts in the blood of the portal system by the or- 
dinary tests. It is more probable that the bilinry salts influ- 


1 Op. cit, p. 227. 
* Loxart, Traité de Phyriologic, Paris, 1868, tome L, p. 3°, 
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ence in some way the digestive process and are modified and 
absorbed with the food. 

The observations of Bidder and Schmidt show conclu- 
sively that the characteristic constituents of the bile are 
absorbed in their passage down the alimentary canal. Hay- 
ing arrived at a pretty close estimate of the quantity of bile 
daily produced in dogs, they collected and analyzed all the 
fiveal matter passed by a dog in five days. Of the dry residue 
of the fivces, the proportion which could by any possibility 
represent the biliary matters did not amount to one-fourth 
of the dry residue of the bile which must have been secreted 
in that time. They also estimated the total quantity of sul- 
phur contained in the fieces, and found that the entire quan- 
hardly one-eighth of that which was discharged into 
ine in the bile; and inasmuch as nearly one-half of 
that found in the fieees came from hairs which had been 
swallowed by the animal, the experiment showed that nearly 
all the sulphur contained in the non-crystallizable element of 
the bile (the taurocholate of soda) had been taken up again 
by the blood.! ‘These observations show conclusively that 
the greater part of the bile, with the biliary salts, is ab- 
sorbed by the intestinal mucous membrane. Prof. Dalton 
has attempted to tollow these principles into the blood of the 
ystem, but has never been able to detect the biliary 
aretul analysis? Like the peculiar prin- 
ciples of other seeretions which are reabsorbed in the aliment- 
these substances become changed and are not to 
be rwoguiced by the ordinary tests, after they are taken into 
th load. ¥ 
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unless alimentary matters were contained in the intes- 
tine.’ 

It must be acknowledged that very little is known con- 
cerning the reflex actions which take place through the sym- 
pathetic system ; but there is certainly good ground for sup- 
posing that certain reflex functions are performed by this 
system of nerves, one of the most important of which is the 
production of peristaltic movements in obedience to the im- 
pression made by alimentary substances upon the mucous 
membrane. ‘This impression is probably conveyed to the 
semilunar ganglia and reflected back through the motor 
nerves to the muscular coat of the intestine. 


1 Lonoxr, Traité de Physiologic, Paris, 1868, tome i., p. 172. 


CHAPTER XIV. 
ACTION OF THE LARGE INTESTINE. 


Physiological anatomy of the large intostine—Divisions of the large intestine— 
Tleo-secal valre—Digestion in the large intestine—Contents of the lange ine 
testine—Composition of the fueces—Microscopic characters of the fieces—Ex- 
eretine and excretoleic acid—Stercorine—Origin of stercorine—Summary of 
the constitution of the farces—Movements of the large intestine—Defecation 
—Aetion of the sphincter snd the levator ani—Gases foimnd in the alimentary 
canal—Origin of the intestinal gases, 


Phys ical Anatomy of the Large Intestine. 


Tux large intestine, so called because its diameter is great- 
er than that of the rest of the intestinal tract, receives for 
the most part only the indigestible residue of the food, 
mingled with certain of the secretions which are discharged 
into the small intestine. In the human subject, the processes 
of digestion which take place in this part of the alimentary 
canal are unimportant; and it is probable that hardly any 
thing but water is absorbed by its lining membrane. Mat- 
ters arc, however, stored up in the large intestine for a num- 
ber of hours, and a certain amount of secretion takes place 
from its follicular glands. 

The entire length of the large intestine is from four to 
six feet. Its diameter is greatest at its commencement, where 
it measures, when moderately distended, from two and a half 
to three and a half inches. According to the observations 
of Brinton, the average diameter of the tube beyond the 
ewcum is froin one and two-thirds to two and two-thirds 

AT 


































































































414 DIGESTION, 


been found in the stomach, and is there derived from air 
which has been swallowed. With regard to the origin of 
the other gases found in the intestine under the peculiar 
circumstances just mentioned, in which they are apparently 
generated with much rapidity, there are not sufficient data 
to enable us to form an intelligent opinion. 


OHAPTER XV. 
ABSORPTION. 


General considerations—Abeorption by blood-vessels— Absorption by lacteal aud 
Iymphatic vesscle—Physiological anatomy of the lactesl and lymphatic sys- 
tem—Thoracic duct—Structure of the lacteal and lymphatic vessele—Lym- 
phatic glands—Abeorption of albuminoids by the lacteals—Absorption of 
glucose and salts by the Incteals—Absorption of water by the lacteale—Ab- 
sorption from parts not connected with the digestive eystem—Absorption 
from the skin—Absorption from the respiratory surface—Abeorption from 
closed cavities, reservoirs of glands, etc.—Absorption of fats and insoluble 
substances—Variations and modifications of absorption—Infuence of the 
condition of the blood and the vessels on absorption—Influence of the ner- 
‘yous system on absorption. 





Dicxsrion has two great objects: one is to reduce the 
different alimentary principles to a fluid condition, and the 
other to commence the series of catalytic transformations by 
which these principles are rendered capable of nourishing 
the organism. The principles thus acted upon are taken 
into the blood as fast as the requisite changes in their consti- 
tution are effected; and once received into the circulation, 
become part of the great nutritive fluid, supplying the waste 
which the constant regeneration of the tissues from materials 
farnished by the blood necessarily involves. The only group 
of principles which does not obey this general law is the 
fata. Though a small portion of the fat taken as food passes 
directly into the blood-vessels of the intestinal canal, by far 
the greatest part finds its way into the circulation by means 
of special absorbent vessels which empty into large veins. 
In whatever way fat enters the blood, it is never dissolved, 
but is reduced to the condition of a fine emulsion. 
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glands resemble the closed follicles in the mucous membrane 
of tho intestinal canal and the Malpighian bodies of the 
eploen, 

‘The olaborato researches of Sappey leave scarcely any 
doubt a3 to the course and arrangement of the lymphatic 
vessels in the interior of the lymphatic glands, thongl the 
view advanced by him that these bodies cousist mainly of 
lymphatics with a little fibrous tissue cannot be sustained. 
By pricking a perfectly healthy gland with the delicate point 
of his apparatas jecting the lymphatics, he has eeun the 
mercury successively fill the different capillary vossols, and 
piss into the vasa efferentia.” Sappey does not appear, how- 
over, to have caused the infection to pass from the afferent 
to the efferent vessels, entirely through this plexus; and while 
the fact of the continuity of these vessels through a capillary 
plexus is extremely probable, it has not, as ygt, been posi- 
tively proven. 

As far aa has been ascertained, the following is the eourse 
of the lymphatic vewels throngh the glands: From two to 
six vasa afferentia approach the gland, and when within 
abont aquarter of an inch of it, break up into namerots stall 
branches which penetrate its investing membrane. Ta the 
substance of the gland, these vessels are distrilmted in the 
capillary plexus just described, and emonge by the vasa effer- 
entia, which are always larger than the afferent vessels, amd 
are from one to three in number, Tn attempting to past 
injections entirely through the glands, the fluid has fre 
quently been observed to pass into the small yeing; 50 that 
some anatomista have assumed that there ia connection it 
the xubstanco of the gland betweon the lymplutios and the 
blood-vessels. It is altogether probable that the passage of 
fluids into the veins under these circumstances is due to rap 
ture of the vessels; and at all ta, the direet connection 
botween them and the lymphatics has nover been enatisiae- 
torily demonstrated. 


'Sarrer, Traitl d Anetowie Dencriptivg, Paris, 1858, femme 1, p. €20. 
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that they must materially retard the passage of the lymph 
towand the great tranks; and itis well known in pathology 
that morbid matters taken up by the absorbents are fre 
quently arrested and retained in the nearest glands, 

The function of the lymphatic glands is very obscure. 
By some they are supposed to have an important office in 
the elaboration of the corpusenlar elements of the Iymph 
and chyle; and it has been observed that the lymph con- 
tained in vessels which have passed through no glands is 
relatively poor in corpuscles, while the lange frunks and the 
efferent vewels contain them in large numbers’ This sin- 
gle fact is indefinite enongh, as reganis the mode of forma- 
tion of the lymph-corpuseles, but it represents about all 
that §& netually known concerning the fanetion of the Iym- 
phatic glands, The mode of development of the leucocytes 
in this situation will be more fully considered in connection 
with the lymph and ehyle. 

Tn endeavoring to estimate the share which the Ineteals 
and lymphatics have in the function of absorption, it becomes 
an important question to determine what principles thee 
vessels are capable of taking up, beside the fatty elements of 
the food; and how far, if at all, they assist the blaod-vee 
eels in the absorption of the general products of digestion 
It is unnecessary again to recur to the fanction of the lac 
teals in the absorption of emulsified fats, for this has already 
been discussed at sufficient Jength.* 











Absonption of Albaminoids by the Lacteale—Comparative 
analyses of the lymph and chyle always show in the latter 
fluid an exeess of albumen and fibrin. As we may renson- 
ably suppose that during the intervals of digestion the ae 
teala carry onlinary lymph, for at this timo those vessels are 
filled with a colorless transparent fluid, having the 
physical charaeters of lymph, it is nataral to infer that 


Kole, Maxwel of Haman Microncypie Amatemy, Lonion, 18009, p 
* Seo page 426, 
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Tho earlier physiologists, who supposed that all the pro- 
dacts of digestion entered the system by the thoracic duet, 
attached a great deal of importance to experiments showing 
the effects of shutting off the chyle from the vascular system, 
by-tying or destroying this great canal. A number of very 
interesting cates of obliteration of the thoracic duet in the 
human enubjoct has also been reported by Astley Cooper, 
Andral, and others, In three cases observed by Cooper, the 
duet waa found completely obstructed; and in two, he wis 
able to follow out anastomosing lymphatic branches, which 
carried the chyle past the obstacle, so that ite passage to the 
venous system was not interrupted. In the remaining case, 
the obstruction was accidentally dizcovered in a subject that | 
lad boon so far dissected as to render it impossible to mecertain 1 
whether or not any anastomosing vessels existed.’ Inaease = 
of obliteration of the thoracic duet, reported by Andeal, the = 
canal had become an impervious cord for considerable por- 
tion ofits extent, tnt there was a large vessel, like « ae a 
thoracic duct, which extended from below the obstruction, 
opening into the duct a considerable distance above, 60 tha 
the flow of chylo was not in the loast i 

In nearly all the experiments which have been 

pon the lower animals, ligation of the thorasie duct ins 
Pes followed by death, except where Lange comm 
vewsels were found to exist, which would allow of the pos 
sage of the chyle into some part of the venous systen, 
Lower tied the duct in dogs, and the animal: survived bat a 
few days.’ In the experiments of Cooper, three dogs, out of 
four which were operated upon, died from rapture of the 


+ Asreay Court, Three Instances of Obstraction of the Theracte Dee, oi 
none Keperiments showing the Kigfrcte of (lag that VeaselMeriead Thewnds at 
Mroearchos soloed fro the Papers of @ Private Modioat Amackation, Lawtes. 
1708, 9. £6 ef ay. 

* Axiant, Tits, Richercher pear serrir d 2 Miateire des Matodien de 
Lyosphatique—Archiors Générales de Midertae, Paris, 182, tome vi, ph 5 

* Lownn, Tredfater de Ooods, itm de Motw ot Oelowe Sanguinie, & Ci 
fn cum Trond —Ameiclodara’, 1009, py 230 et ang. 
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CHAPTER XVI 


IMBIBITION AND ENDOSMOBIS. 


General considerations—Imbibition by animal tissues—Mechanism of the passage 
of Liquids through membranes—Observations anterior to those of Dutro- 
chet—Experimenta of Dutrochet—Conditions necessary to endosmosis and 
‘exosmosis—Influence of membranes upon osmotic currents—Capillary attrac 
tiou—Imbibition by porous substancee—Endosmpeis through porous septa— 
Endosmosis through animal membranes—Endosmosis through liquid septa— 
Electrical theory of endosmosis—Influence of different liquids upon osmotic 
currents—Diffusion of liquids—Endosmotic equivalents—Modifications of en- 
osmosis—Modifications due to tho extent and the thinness of the permeable 
membrane—Modifications due to pressure and the movements of liquide— 
‘Modifications due to variations in temperature—Moditfications induced by eleo- 
tricity—Application of physical laws to the function of absorption—Transu- 
dation, 


Tux ideas of physiologists concerning the mechanism of 
the absorption of soluble substances have become radically 
changed since the beginning of the present century; and it 
is now generally admitted that this process takes place chiefly 
by blood-vessels, and that the absorbents have no such won- 
derfal elective power as was attributed to them by the older 
writers. This involves the passage of liquids through the 
coats of the blood-vessels and lymphatics ; a process which has 
been the subject of numerous experiments, resulting in the 
development of many important physical laws capable of ap- 
plication to physiological absorption. At the present day, the 
history of absorption is not complete without a consideration 
of the laws of imbibition and endosmosis. In accordance 
with the plan which we have endeavored to follow in the 
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vanic battery, this result was produced “ in a few minutes and 
even in a few seconds, according to the power of the pile and 
the energy of its action.” This is only one of a number of ex- 
periments by Fodera illustrating the influence of the galvanic 
current upon imbibition and absorption.' 

The only definite applications of these facts to physiology 
have been made in connection with the influences of the 
nervous system upon absorption; and this has been done 
under the idea that there is something in common between 
the nervous force and electricity. If we are to determine the 
existence of electrical action by the usual methods, the gal- 
vanic current cannot be regarded as identical with nervous 
power. The only way which we have of detecting a gal- 
vanie currént is by instruments known as galvanometers; 
and those used at the present day in accurate investigations 
are exceedingly sensitive. With the most delicate instru- 
ments known, it is impossible to detect any galvanic current 
during endosmosis, or during the conduction by nerves of 
the so-called nervous force. There is no reason, therefore, to 
suppose that absorption is affected by galvanic action operat- 
ing through the nervous system, and we must be content 
with the explanations of nervous influence already given.’ 
Nevertheless, galvanic currents have been detected between 
different tissues and different parts of the same tissue during 
life and immediately after death; but we have not as yet 
been able to determine positively the influence of these cur- 
rents upon any of the important functions. 


Applications of Physical Lawe to the Function of 
"Absorption, 

In no experiments performed out of the body, ean the 
conditions favorable to the passage of liquids through mem- 
branes in accordance with purely physical laws be realized as 

+ Fonrnh, Recherches Exptrimentales ser 0 Absorption o¢ Exhalation, Paria, 


18%, p. 22. 
1 See page 468. 
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the cireulating fluid. The influence of pressure, which is 
so often observed in the dropsies which result from venous 
obstruction, was noted nearly two hundred years ago by 
Lower, who observed that there was a serous effusion under 
the skin of the face of a dog after the jugular veins had 
been tied.’ This fact is too well established to need farther 
illustration. 

The influence of the constitution of the blood upon 
transudation is very interesting. The exosmotie properties 
of albuminoid matters are so slight, that there is usually 
but a small amount of transudation from the vessels, and 
the fluid thus effused contains but a minute quantity of albu- 
men ; but, if the density of the blood be greatly diminished, 
and especially if it become impoverished in albuminoids, 
transndation may become 60 active as to produce general 
dropsy. A deficiency in albuminoids in the blood of per- 
sons suffering from general dropsy was observed by Bostock, 
who, at the instance of Dr. Bright, made a number of exam- 
inations of the blood from patients suffering from what is 
now known as renal dropsy. “In the serum of these pa- 
tients the proportion of albumen was found to be less than 
in health.”* This fact has since been noted by other ob- 
servers, particularly by Beequerel and Rodier, who made a 
large number of observations showing the influence of a 
deficiency of albuminoids in the’ blood upon transudation.* 
These facts have a pathological rather than a physiological 
bearing, but they illustrate the influence of the constitution 
of the blood upon normal transudation by exosmosis. 


‘Lowen, Tractatus de Corde, item de Motu e Colore Sanquinis, et Chyli in 
‘eum Transitu, Amstelodami, 1669, p. 124, 

* Bostock, An Elementary System of Physiology, London, 1827, p. 411. 

+ Brcqvenss. et Romer, De Canémie par diminution de proportion de Pal- 
bumine dus sang, ct dea hydropsies qui en sont la consbquence.—Extrait de la Go 
selte médicale de Paris, 1860, 


CHAPTER XVIL 
LYMPH AND CHYLE. 


Mode of obtaining lymph—Quantity of lymph—Properties and composition of 
lymph—Alterations of the lymph—Influence of starvation upon the lympb— 
Corpuscular elements of the Iymph—Leucocytes—Development of leucocytes 
in the lymph and chyle—Globulins—Origin and function of the Iymph— 
Chyle—General properties of the chyle—Composition of the chyle—Compar- 
ative analyses of the lymph and the chyle—Microscopical characters of the 
chyle—Movement of the lymph and the chyle—Pressure of fluids in the 
lymphatic system—General rapidity of the lymphatic circulation—Causes of 
the movement of the lymph and chyle—Influence of the forces of endosmosis 
and transudation—Influence of the contractile walls of the vessels—Influ- 
ence of pressure from surrounding parts—Influence of the morements of 
respiration, 

To complete the history of physiological absorption, it 
will be necessary to study carefully the origin, composi- 
tion, and properties of the lymph and chyle. It is only 
within a few years that physiologists have been able to ap- 
preciate the importance of the lymph, for the experiments 
indicating the enormous quantity of this liquid which is con- 
tinually passing into the blood are of recent date. The 
earlier experimenters never succeeded in obtaining more than 
a small quantity of fluid from the lymphatic system. On 
the other hand, for the long period during which it was sup- 
posed that all the products of digestion entered the system by 
the thoracic duct, the importance of the chyle was much exag- 
gerated; but the researches upon intestinal absorption by 
Magendie and those who followed him, and the experiments 
of Colin on the quantity of fluid which passes into the blood 
by the thoracic duct during the intervals of digestion, have 
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accidental, and that they are always derived from the 
blood. 

Lymph has no decided or characteristic odor. It is very 

slightly saline in taste,—almost insipid. Its specific gravity 
is very much inferior to that of the blood. Magendie found 
the specific gravity in the dog to be about 1,022.1 Robin 
states that the specific gravity of the defibrinated serum of 
the lymph is 1,009." In some recent analyses, by Dahnhardt, 
of the lymph taken from dilated vessels in the leg. in the 
human subject, the specific gravity was only 1,007." The 
exceedingly low specific gravity in the last instance would 
rather lead to the opinion that the fluid was not entirely 
normal. The difficulty in obtaining this fluid in a perfectly 
-normal condition from the human subject has rendered it 
impossible to ascertain its normal specific gravity, even ap- 
proximatively ; but it evidently possesses a density much 
inferior to that of the blood. The reaction of the lymph is 
constantly alkaline. According to Robin, the alkalinity 
of the lymph is neutralized by 0-37 per cent. of lactic acid, 
while the blood is neutralized by 0°50 per cent.‘ 

‘A few minutes after discharge from the vessels, both the 
lymph and chyle undergo spontaneous coagulation. Accord- 
ing to Colin, the fluid collected from the thoracic duct in the 
large ruminant: coagulates at the end of five, ten, or twelve 
minutes, and sets into a mass having exactly the form of the 
vessel in which it is contained. Colin states that the clot. is 
tolerably consistent, but that there is never any spontaneous 
separation of serum.’ This may be the fact with regard to 
the lymph and the chyle of the large ruminants, but in the 
observations of Dalton, who operated upon dogs and goats, 

* Macenpix, Précis Elimentaire de Physiologie, Paris, 1836, tome il., p. 192. 

* Roam, Programme du Cours, Paris, 1864, p. 111. 

*Dinwnanpr, Zur Chimie der Lymphe.—Vincuow's Archiv, Berlin, 1866, _ 
Ba, xxxvii,, 8. 59. 

“ Loe. eit 

"Coun, Traité de Physiologie Compare des Animauz Domeatiques, Paris, 
1858, tome ii., p. 111. 
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Colin especially, the fluids taken from the thoracic duct dur- 
ing the intervals of digestion undoubtedly represent the 
normal mixed lymph collected from nearly all parts of the 
body ; and the operative procedure in the large ruminants is 
so simple as to produce little if any general disturbance. The 
following is an analysis by Lassaigne of specimens of lymph 
collected by Colin from the thoracic duct of a cow, under the 
most favorable conditions : 


Composition of Lymph from a Cow:' 








Water. + 964-0 
Fibrin. . 09 
Albumen + 280 
Fatty matter. 04 
Chloride of sodium. 50 
Carbonate, phosphate, and eulphate of soda. 19 


Phosphate of lime... 08 





1,000°0 


These proportions are by no means invariable, the differ- 
ences in coagulability indicating differences in the propor- 
tion of fibrin, and the degree of lactescence showing great 
variations in the proportion of fatty matters, The table 
may be taken, however, as pretty close approximation of 
the average composition of the lymph of these animals, dur- 
ing the intervals of digestion. 

Of the various analyses of human lyinph, it will be ne- 
cessary only to select a few, as most of them are far from 


1 Couix, Traité de Physiologie Comparée des Animauz Domestiques, Parie, 
1856, tome ii, p. 111. 

‘The proportions in this table have been changed from hundreds to thousands. 
Tn this, as in all other analyses of the lymph, the organic constituents are esti- 
mated dry. In treating of the composition of the blood (see vol.i.,p. 187 ¢ sg), 
we endeavored to show that the water which exista in the coagulated albuminoid 
matters should be considered as water of composition ; coagulation simply alter- 
ing the form of these organic principles without changing their constitution. 
According to this view, an estimate of these substances in a dry state gives the 
quantity of the residue after desiccation, and not their actual proportion in a 
natural condition. 
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representing the normal characters of this fluid. L’Héritier 
analyzed the contents of the thoracic duct of a man who died 
of softening of the brain, having taken a little water thirty 
hours before death,’ This analysis gives a very large propor- 
tion of fibrin, albumen, and fatty matters (3-20 of fibrin, 60-02 
of albumen, and 5°10 of fat, per 1,000), so large, indeed, that 
some physiologists doubt the accuracy of theresults.”. On the 
other hand, the analyses of Marchand and Colberg,’ which are 
30 often quoted, give, as the composition of lymph extracted 
from a wound of the lymphatics on the top of the foot, a very 
large proportion of water (96926 parts per 1,000), and conse- 
quently a small proportion of solid matter. We would sup- 
pose that fluid thus taken from a wounded part must neces- 
sarily contain an admixture of pathological secretions, 

The analyses of human lymph which seem to be the 
most reliable, and in which the fluid was apparently pure and 
normal, are those of Gubler and Quévenne. The lymph, in 
this case, was collected by Desjardins from a female who 
suffered from a varicose dilatation of the lymphatic vessels 
in the anterior and superior portion of the left thigh. These 
vessels occasionally ruptured, and the lymph could then be 
obtained in considerable quantity. When an opening existed, 
the discharge of fluid could be arrested at will by flexing the 
trunk upon the thigh. Gubler and Quévenne made elaborate 
analyses of two different specimens of the fluid, with the fol- 
lowing results:* 

1 LHinrrien, Trailé de chimie pathologigue, Paris, 1842, p. 18. 

4 Lonorr, Traité de physiologic, Paris, 1868, tome i., p. 486, 

*Mancnaxp wnp Counero, Ueber die chemiscke Zusammensetrung der 
menachlichen Lymphe—Poagesponsr’s Annalen der Physik und Chemie, Leipzig, 
1838, Bd. exix., 8. 629, 

“ Deszanpixs, Note mur un Car de Dilatation variqueuse du Réseau Lympha- 
tique superficiel du Derme ; Emission voluntaire de Lyimphe ; Analyse de cette 
Lymphe, par Guatre 3 QuivEnns.— Gazette Medicale de Paris, 184, p. 404. 

The two tables of Gubler and Quévenne have been brought together and the 
proportions changed from hundreds to thousands, An evident error in the sec- 
ond analysis (9-92 instead of 0-92 parts of fatty matter per hundred) has been 
corrected. For a full account of this case, with the analyses and examinations of 
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Composition of Human Lymgh. 
‘First Analysis, Second Analysia, 
939°87 98477 













0°66 063 
‘earthy phosphates and traces 
of iron). ceeeeee AB 4280 
Fatty matter (in the second anal fusible at 
102°8° Fahr.) 3:82 9°20, 
‘Hydro-alcoh 7 
ing, after incineration, chloride of sodium, with 
the phosphate and the carbonate of soda)....... 1300 12-60 
1,000-00 100000 


The above analyses show a much larger proportion of 
solid constituents than was found by Lassaigne in the lymph 
of the cow. This excess is pretty uniformly distributed 
throughout all the constituents, with the exception of the 
fatty matters and fibrin ; the former existing largely in excess 
in the human lymph, especially in the second analysis, while 
the latter is smaller in quantity than in the lymph of the 
cow. It is evident, however, from a comparison of the two 
analyses of Gubler and Quévenne, that the composition of the 
lymph, even when it is unmixed with chyle, is subject to 
great variations. The caseous matter given by Gubler and 
Quévenne is probably equivalent to the ulbuminous matter 
of other chemists. 

The distinctive characters of the different principles 
found in the lymph do not demand extended considera- 
tion, inasmuch as most of them have already been treated 
of in connection with the blood. In comparing, however, 
the composition of the lymph and the blood, we are at once 
struck with the great excess of solid constituents in the latter 
fluid. - In the analyses of the serum of the blood by Bec- 
querel and Rodier, the proportion of solid constituents was 
ninety-two parts per 1,000 ;* while in the analyses of the hu- 
the fluid, the reader is referred to the Gazette Medicale, 1864, pp. 861, 408, 452, 


and 516. 
1 Brcyurmgs et Ropimn, Chimie Pathologigue, Paris, 1854, p. 86. 
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man lymph by Gubler and Quévenne, the proportion was 
from sixty to sixty-five parts per 1,000, and in the analysis 
of Lhéritier, which gives the largest quantities of solid mat- 
ter, the proportion was between seventy-five and seventy-six 
parts.’ 

In all analyses, except those of Lhéritier, the organic ni- 
trogenized compounds have been found to be very much less 
in the lymph than in the blood. This is generally most 
marked with regard to the fibrin; but, as before stated, the 
proportion of all these ingredients is quite variable. On ac- 


1 A series of very elaborate analyses of the human lymph was made, in 1866, 
by Dahnhardt, under the direction of Professor Hensen. The fluid was col- 
lected from a patient suffering from elephantiasis, or some analogous affection, in 
which the lymphatics were found dilated. These observations have already been 
referred to, and it is probable that the fluid obtained was not normal lymph. The 
analyses, however, were exceedingly roinute, especially as regards the proportions 
of inorganic matters, The following is one of the analyses of this fluid : 








Water. 987-700 
Fat.. 0030 
Organic extractives soluble in aloobol, 1-984 
Organic extractives soluble in water = extractive and albumen, 0-908 





Organic substances insoluble in water = fibrin and insoluble albumen. 1-699 






























Chloride of sodium, e148 
‘ Soda. o-576 
Inorganic eutstances soluble | Pouach- oa 
ih Fates Carbonie acid. 0-638 
(Sulphuric and phosphoric acid and lows, 0-281 
o-183 
| oon 
; 7 0-006 
Inorganic gubetances insole | pr oaphorie ons 
: Carbonic acid. . os 

Carbone, cf magnesia enlptro ai 
Land loss... 7 21 
1,000°000 


—Vincnow’s Archie, Berlin, 1866, 





—Dinxwaror, Zur Chemie der Lymy 
Ba, axxvii, S55 ef 2eq. 

‘Analyses of the same Imph for organic matter, by Professor Hensen, give a 
‘0 of fibrin, 1-408 of serum-albumen, and 0°894 of album‘nous 


ted by acetic acid. 








proportion of 14 
ccmpoends pr 
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corpuscles are identical with the leucocytes of the blood, and 
the red disks frequently find their way from the blood-vessels 
into the lymphatics. 

In addition to the constituents of the lymph ordinarily 
given, the presence of glucose, and more lately, the existence 
of a certain proportion of urea, have been demonstrated in 
this fluid. Brande, in 1812, noted the presence of sugar in the 
chile, but not in the lymph.’ It has since been demonstrated, 
however, in the lymph, by Gubler and Quévenne,* Poisenille 
and Lefort,’ Colin,‘ and others. Poiseuille and Lefort found 
that the proportion of sugar was always greater in the lymph 
than in the chyle. The recent researches of Colin show that 
the-difference between the proportion of this substance in the 
lymph and in the chyle is not very great, and its quantity 
does not vary very considerably in different classes of ani- 
mals. His observations were made upon horses, oxen, and 
dogs, and the proportion of sugar varied between 1-02 and 
1:58 parts per 1,000. It has not been ascertained how the 
sugar contained in the lymph takes its origin, and its fune- 
tion in this situation is equally obscure. 

‘The presence of urea in considerable quantity in both the 
chyle and the lymph has been determined by Wurtz;* and 
it is thought by Bernard that the lymph is the principal 


» Buasne, Chemical Researches on the Blood and some other Animal Fluids— 
Philosophical Transactions, London, 1812, p. 99. 

Brande noticed crystals of what he supposed to be sugar of milk in the aleo- 
holie extract of the fluid taken from the thoracic duct four hours after feeding. 

> Gupian ut QcévENe, op. ci—Gazelte Medicale de Paris, 1854, p. 454. 
These observers, while admitting that the existence of sugar in the lymph is ren- 
dered exceedingly probable—as the extract reduced a copper solution—did not 
assume to have positively demonstrated its existence, 

* Possvinur xt Luvonr, De Existence du Glycose dans ? Organisme Animal. 
—Comples Rendus, Paris, 1858, tome xlvi., p.667, and Note eupplémentaire, Ibid, 
p. 078 

“Couix, De POrigine du Sucre content dans le Chyle—Journal de la Phy 
siologie, Paris, 1858, tome i., p. 539 et seq. 

* oc. cit, p. 044. 

* Béxaup, Formation Physiologique du Sucre dana 0 Economie Animale — 
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fluid, if not the only one, by which this excrementitious sub- 
stance is taken up from the tissues. Although urea always 
exists in the blood, its quantity is less than in the lymph,* 

The pathological alterations of the lymph have not been 
experimentally investigated, if we except the early observa- 
tions of Collard de Martigny upon the effects of abstinence 
upon the composition of this fuid. The experiments of this 
observer upon the effects of abstinence upon the quantity 
of lymph have already been referred to.* With regard to 
the influence of this condition upon the composition of the 
lymph, we may take the results of three analyses of the fluid 
from dogs that had been without food, respectively, for thir- 
ty-two hours, nine days, and twenty-one days.* 





After 82 hours After day After 21 daya, 








Water and salts. 9400 9314 9368 
Fibrin. oe . 80 BB B2 
Albumen, fatty, and coloring matters. 57-0 628 600 


Bulletin de? Académie Imptriale da Médecine, Paria, 1866'S, tome xxii, p. 
784. 

Wurtz discovered urea ina specimen of chyle brought to him by Bérard for 
examination, taken from a young bull. In less than a gramme of chyle, he dis- 
covered large quantities of urea, and formed distinct crystals by combining it 
with nitric acid. He believed that the urea came from the lymph and not from 
the alimentary substances taken up from the intestine. This view was confirmed 
by subsequent analyges, in which he discovered urea in the lymph of the dog, the 
horse, and the ox. He found also that its proportion in the lymph was greater 
than that naturally contained in the blood. (Written communication, in Loxorr, 
Traité de Physiologie, Paris, 1861, tome i., p. 429, note.) 

* Brawanp, Lepons sur lea Propriétés Physiologiques et les Altérations Patho- 
logiques des Liquidea de ? Organieme, Paris, 1869, tome ii., p. 27. 

* Wurtz, analyzing comparatively the blood, lymph, and chyle for urea, found 
this substance in greatest proportion in the Iymph.. In a dog nourished with 
meat, the proportion of urea was 0-089 parts per 1,000 in the blood and 0188 in 
the lymph ; in a cow, the proportion was 0-192 in the blood, 0-192 in the chyle, 
and 0°193 in the lymph; and in a ram, the proportion was 0-248 in the blood, 
and 0-280 in the chyle, (Comples Rendus, Paris, 1859, tome slix., p. 53.) 

* Bee page 511. 

“Cottanp px Manriony, Recherches Expérimentalea sur les Effie de Abst 
ence complite d' Alimens solides et liquides, aur la Composition ef la Quantité du 
Hang et de la Lymphe—Journal de Physiologie, Paris, 1828, tome vii, p. 182 et 20g. 
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This table shows a certain concentration of the lympk 
during the first periods of starvation; but when the vital 
powers had become very much reduced, and death became 
imminent, conjoined with a great diminution in the absolute 
quantity of the lymph there was a notable reduction in the 
proportion of its solid constituents. 

The differences which the lymph presents in different ves- 
sels relate chiefly to the abundance of its corpuscular ele- 
ments. It has been said, however, that the quantity of 
fibrin in congulated lymph is greatest in the fluid from the 
thoracic duct, and that its proportion progressively increases 
from the periphery to the large vessels. ‘There is no posi- 
tive evidence, however, that this is due to the action of the 
lymphatic glands, although this theory has been advanced. 


Conpuscular Elemente of the Lymph.—In every part of 
the lymphatic system, in addition to a few very minute fatty 
granules, there are found certain corpuscular elements 
known as the lymph-corpuscles. These exist, not only in 
the clear lymph, but in the opaque fluid contained in the lae- 
teals during absorption. They are now regarded as identical 
with the colorless globular corpuscles found in the blood, 
known under the name of white blood-corpuscles, or leu- 
cocytes. Although these bodies have been pretty fully de 
scribed in treating of the corpuscular elements of the blood,’ 
they present some peculiarities in the lymphatic system, par- 
ticularly in their development, which demand consideration. 

The leucocytes found in the lymph and chyle are rather 
less uniform in size and general appearance than the white 
corpuscles of the blood. Their average diameter is about y3'y3 
of an inch; but some are larger, and others are as small ax 
avs of an inch, Some of these corpuscles are quite clear 
and transparent, presenting but few granulations and an in- 
distinct nuclear appearance in their centre; but others are 


1 Loxaer, Traité de physiologie, Paris, 1868, tome i., p. 489. 
2 See voli, p. 121, 
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strated ;* a fact which shows that these bodies may be devel- 
oped de novo in the blood-plasma. 

Of these facts there can be no doubt ; and since the publi- 
cation of the first volume of this work, additional experiments 
upon the development of leucocytes in clear fluids have not 
only confirmed the views which we adopted with regard to 
theorigin of these bodies in the blood and elsewhere, but 
have defined more closely the conditions under which such 
development may take place. We refer particularly to the 
observations of Onimus upon the genesis of leucocytes and 
upon spontaneous generation." These experiments. are all 
the more striking in their application to the development of 
the lymph-corpuscles, as they were made with the clear 
fluid cffused from the blood by vesication, and as recent facts 
with regard to the relative anatomy of the smallest lymphat- 
ics and the blood-vessels render it probable that the lymph 
is in great part derived from liquid elements which pass out 
of the blood by exosmosis. 

Onimus used the clear fluid taken without delay from 
rapidly developed blisters, which he found ordinarily con- 
tained no leucocytes, but which he carefully filtered in order 
to remove all sources of error. The filtered liquid contained 
no morphological clement whatsoever ; but, on the other 
hand, he found that if the liquid were allowed to remain for 
an hour or more in contact with the dermis, it always con- 
tained leucocytes and epithelial cells. Under these cireum- 
stances, even after filtration, the liquid contained a few lenco- 
eytes; but after six or seven hours of repose in a conical vessel, 
the corpuscular elements gravitated to the bottom, leaving 
the upper portion of the liquid perfectly clear. 

This liquid, entirely free from formed anatomical ele- 
ments, was enclosed in little sacs formed of an animal mem- 


1 Ronis, op. cit. —sJournal de ta physiologic, Paris, 1889, tome fi., p. 49. 

*Osiurs, Expériencee sur la genése des leucocytes, ete.—Journal de Canalo. 
mie et de la physiologic, Paris, 1867, tome iv., p. 47,¢t seg. ‘These experiments 
hav incorporated in the second edition of vol. i, 
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a bull to be 1,013," and the specific gravity of the specimen 
of human chyle examined by Rees was 1,024.” 

The differences in the appearance of the chyle in dif- 
ferent animals depend chiefly upon the diet. Colin found 
it excessively milky in the carnivora, especially after fats 
had been taken in quantity; while in dogs that were nour- 
ished with articles containing but little fat, its appearance 
was hardly lactescent.’ Tiedemann and Gmelin found the 
chyle almost transparent in herbivora fed with hay or straw. 
They also observed the fact that the chyle was nearly trans- 
parent in dogs fed with liquid albumen, fibrin, gelatine, 
starch, and gluten; while it was white in the same animals 
fed with milk, meat, bones, ete.* 

It is impossible to give even an approximative estimate 
of the entire quantity of pure chyle taken up by the lacteal 
vessels, When it finds its way into the thoracie duct, it is 
mingled immediately with all the lymph from the lower ex- 
tremities;and the immense quantities of fluid which have 
been collected from this vessel by Colin and others,’ give 
no idea of the quantity of chyle absorbed from the intes- 
tinal canal, We cannot, theretore, attempt even to give an 
approximate estimate of absolute quantity of chyle; but it is 
evident that this is variable, depending upon the nature of 
the food and the quantity of liquids ingested. 

Like the lymph, the chyle, when removed from the ves 
sels, speedily undergoes coagulation. Different specimens 
of the fluid vary very much as regards the rapidity with 
which coagulation takes place. The contents of the thoracic 
duet taken from the inferior animals generally coagulates in 
afew minutes. The first portion of the fluid collected from 


+ Couts. op. cit., tome ii, p. 7 

* Loe. cit. 

* Opcily pi 

“Tinpewaxy Er Gustin, Recherches Expérimentales Physiologiques et Chiv 
migues «ur la Digestion, Paris, 1827, premitre partie, p. 176 ef eeg., and p. 308. 


* Ses page 509 
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the human subject by Dr. Rees (the chyle was collected in 
this case in two portions) coagulated in an hour.’ Received 
into an ordinary glass vessel, the chyle generally separates 
more or less completely after coagulation into clot and 
serum, tho density and size of the clot indicating the pro- 
portion of fibrin, The seram which thus separates is quite 
variable in quantity, and is never clear. Its milkiness does 
not depend entirely upon the presence of particles of emul- 
sified fat, and it is not rendered transparent by ether; it 
contains, in addition to these particles, numerous leucocytes 
and organic granules. 

Numerous observations have been made with reference 
to the influence of different kinds of food upon the chyle; 
but these have not been followed by any definite results that 
cart be applied to the human subject. It is usual to find the 
ehyle fluid in the lacteals and the thoracic duct for many 
hours after death ; but it soon coagulates upon exposure to 
the air. Although the entire lacteal system is sometimes 
found, in the human subject and in the inferior animals, filled 
with perfectly opaque coagulated chyle,* the fluid does not 
often coagulate in the vessels. 


Composition of the Chyle.—Analyses of the milky fluid 
taken from the thoracic duct during full digestion by no 
means represent the composition of pure chyle;-and it is 
only by collecting the fluid from the mesenteric lacteals, that 
it can be obtained without a very large admixture of lymph. 
In the human subject, it is rare even to have an opportunity 
of taking the fluid from the thoracic duct in cases of sudden 
death during digestion ; and in most of the inferior animals 
which have been operated upon, it is difficult to obtain fluid 
from the small lacteals in quantity sufficient for accurate 


2 Rs, On the Chemical Analysis of the Contents of the Thoracic Duct in tha 
Hunan Subject— Philosophical Transactions, London, 1842, p. 82. 

*Caomsiaxe, The Anatomy of the Absorbing Vessels of the Human Body, 
Lyndon, 1790, p. 101, 
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analysis. In operating upon the ox, however, Colin has suc- 
ceeded in collecting pure chyle in considerable quantity. In 
this animal, the lacteals are not numerous, but are of consid- 
erable size, and unite into a large trunk which follows the 
course of the mesenteric artery and vein, On introducing, in 
the living animal, a tube into this trunk or into one of its 
large tributaries, a considerable quantity of fluid may be col- 
lected in a very few minutes. 

The chyle of the ox, collected in this way by Colin, was 
examined by Lassaigne, but unfortunately no complete anal- 
ysis was made. The fluid contained 1-9 parts per 1,000 of 
dried fibrin, which was double the quantity found in the 
fluid from the thoracic duct of the same ruminant. The 
serum contained 952-1 parts of water and 47-9 parts of solid 
matters—albumen and salts.' Although the analysis of this 
fluid was not completed, it evidently contained all the organic 
and inorganic principles which exist in pure lymph and in 
the contents of the thoracic duct. Remembering, then, that 
even during the period of greatest activity in the absorption 
of alimentary matters, the contents of the thoracic duct con- 
sist largely of lymph, we must take the analyses of this mixed 
fluid as our only data for forming an approximative estimate 
of the proportions of the various constituents of the chyle. 
It must be borne in mind, also, that the composition of the 
chyle is constantly varying with the diet. As we have al- 
ready shown in treating of absorption, many of the aliment- 
ary principles may be actually recognized in the fluid ob- 
tained from the lacteals during digestion and absorption.* 

The most complete an: of chyle trom the human 
subject is given by Dr. Rees" The fluid was taken from the 
thoracie duct of a vigorous man, a little more than an hour 











+ Cous, Traite de Physio‘orie Compare des Animanz Domestiques, Paris, 
tome ii, pT 
page 445 cteeg, 
PREPS, Ov he Che 
Hevsae SMa Phila: 








\¢ Contents of the Thoracic Duct in the 
ns, London, 1842, p. 81 ef seg. 
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after his execution by hanging. The subject was apparently 
in perfect health up to the moment of his death. The evening 
before, he ate two ounces of bread and four ounces of meat. 
At seven o'clock a. x., precisely one hour before death, he 
took two cups of tea and a piece of toast; and he drank a 
glass of wine just before mounting the scaffold. When the 
dissection was made, the body was yet warm, although the 
weather was quite cold. The thoracic duct was rapidly 
exposed and divided, and about six fluidrachms of milky 
chyle were collected. ‘The fluid was neutral, and had a spe- 
citic gravity of 1,024. The following was its proximate com- 
position : 
Composition of Human Chyle from the Thoracic Duct. 


















Water....ssscsesesestensereees 9048 
Albumen, with traces of fbtinous matter 108 
Aqueous extractive.........++ + 56 
Aloobolic extractive, or osmazome. ry 

Alkaline chloride, carbonate, and sulj ine 
phosphates and oxides of iron. 44 
Fatty matters...0.....6 o2 
1,000-0 


Of the constituents of the chyle not given in the ordinary 
analyses, the most important are the urea, which is derived 
exclusively from the lymph, and sugar, coming from the sac- 
charine and amylaceous articles of food during the digestion 
of these principles. 

The difference in chemical composition between the un- 
mixed lymph and the chyle is very well illustrated in a com- 
parative examination of these two fluids taken from a don- 
key. The fluids were collected by Mr. Lane, the chyle being 
taken from the lacteals before reaching the thoracic duct. 
The animal was killed seven hours after a full meal of oats 
and beans. The following analyses of the fluids was made 
by Dr. Rees :* 

* Rexs, On Chyle and Lymph—London Medical Gazette, 1841, vol. xxvii., p. 


847; and Lane, Lymphatic and Lacteal System.—Cyclopadia of Anatomy and 
Phyriology, London, 1889-1847, vol. ii., p. 223. 
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Composition of Chyle and Lymph Before reaching the Tho- 









racic Duct, 
Chyle. Lymph, 
Water......., 90287 96536 
Albuminous routter. 8516 12:00 
Fibrinous matter. 870 120 





Animal extractive matter soluble in water and aloohol.. 333 240 











Animal extractive matter soluble in water only. 12381319 
Patty matter. . ‘36°01 a trece 
“Alkuline chloride, eulphate and carbonate, with 
Balt at 
” { trace of alkaline phosphate, oxide of ron, ¢ 71! 58 
1,000-00 1,00000 


The above analysis shows a very marked difference in the 
proportion of solid constituents in these two fluids. The 
chyle contains about the same proportion of albumen and 
fibrin as the lymph, and a much larger proportion of salts 
The proportion of fatty matters in the chyle is very great, 
while in the lymph there exists only a trace." 

The individual constituents of the chyle given in the 
above tables do not demand any farther consideration than 
they have already received under the head of lymph. The 
albuminoid matters are in part derived from the food, and in 
part from the blood, through the admixture of the chyle 
with lymph, The fatty matters are derived in greatest part 
from the food. As far as has been ascertained by analyses of 
the chyle for salts, this fluid has been found to contain essen- 
tially the same inorganic constituents as the plasma of the 
blood. All of these principles are rapidly poured into the 
blood, where they assist in supplying the material which is 
being constantly consumed in the process of nutrition. 

The proportion of fut given in this analysis of the chrle is even greater shan 
the proportion given by Nasse in an analysis of the chyle of the cat, which is 
very commonly quoted as a specimen of chyle extraordiarily rich in fatty mat 
ters. The probable explanation of the large proportion of fat found ‘by Rees is 
that the fuid was taken from the lacteals, and was not mixed with lymph in the 
thomneic duct. The proportion of fat in the analysis made by Nasse was 327 


parts per 1,000. (Nasse, Chylus—Waonan's Handworterbuch der Physiologie, 
Braunschweig, 1842, Bd. i, 235.) 




















INFLUENCE OF PRESSURE FROM SURROUNDING PARTS. 543 


Influence of Pressure from Surrounding Parte—Con- 
tractions of the ordinary voluntary muscles, compression of 
the abdominal organs by contraction of the abdominal mus- 
cles, peristaltic movements of the intestines, and pulsations 
of large arteries situated against the lymphatic trunks, par- 
ticularly the thoracic aorta, are all capable of increasing the 
rapidity of the circulation of the lymph and chyle. 

The contractions of voluntary muscles assist the lym- 
phatie circulation in precisely the same way in which they 
influence the flow of blood in the venous system; and we 
have nothing to add regarding this action to what has al- 
ready been said on this subject in connection with the 
venous circulation.' The fact that muscular movements 
actually accelerate the flow of lymph has been conclusively 
demonstrated by Colin, who found that when a tube was 
introduced into any of the lymphatic vessels of the neck, in 
the horse or the large ruminants, the discharge of fluid in a 
given time was increased one-quarter, one-third, and even 
one-half, during movements of mastication.” 

Increase in the flow of chyle in the thoracic duct, as the 
result of compression of the abdominal organs, or by knead- 
ing the abdomen with the hands, was observed by Magendie,* 
and the fact has been confirmed in all recent experiments 
on this subject. The same effect, though probably less in 
degree, is produced by the peristaltic contractions of the 
intestines, ‘: 

When a tube is introduced into the upper part of the 
thoracic duct, it is frequently the case that the fluid is dis- 
charged more forcibly with each pulsation of the heart. 


Paris, 1861, tome i, p. 208; and Poackxnonry’s Annalen der Physick und Che- 
mie, Leipzig, 1882, Bd, xxv., 8. 17.) 

+See vol. i, p. 817 ef seg., and page 326 ¢t seg., for the function of the 
valves of the veins. 

* Cou, Traité de Physiologie Comparte daa Animauz Domestiques, Paria, 
1856, tome ii., p. 89. 

* Maoexpir, Précis Elémentaire de Physiologie, Paris, 1836, tome 
183, 
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the vessels, must favor the current toward the venous system. 
The alternate dilatation and compression of the thoracic duct 
with the acts of respiration is likewise an aid to the circuls- 
tion, and is more efficient than any other force, except the vis 
atergo. The action of the valves is precisely the same in 
the lymphatic as in the venous system. 
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TRANSLATOR’S PREFACE. 


Dr. Steiner's book has met with such marked success in Ger- 
many that a second edition has already appeared, a ciroumstance 
which has delayed the appearance of its English form, in order that 
I might be able to give his additions and corrections. 

In Germany the use of the metric system has not yet entirely 
superseded the local measures; but it is rapidly doing so, as in 
England. I have, therefore, rendered all thermometric observations 
in the Centigrade scale, and all measurements in centi- and milli- 
miétres, 

I have added as an Appendix the “Rules for Management of 
Infants” which have been issued by the staff of the Birmingham 
Sick Children’s Hospital, because I think they have set an example 
by freely distributing these rules among the poor for which they 
cannot be sufficiently commended, and which it would be wise for 
other sick children’s hospitals to follow. 

I have also added a few notes, chiefly, of course, relating to 


the surgical ailments of children, 
LAWSON TAIT. 
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